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Production of Aponiictic Seed 



The present invention relates to the production of genetically transformed plants. In particular 
the invention relates intaraBa to a process for inducing apomixis. to the apomictic seeds which 
result from the process, and to the plants and progeny thereof which result from the gemnination 
of such seeds. 

Apomixis. which is vegetative (non-sexual) reproduction through seeds, is a genetically 
controlled reproductive mechanism found in some polyploid non-cultivated species. The process 
is classified as gametophytic or non-gametophytic. In gametophytic apomixis - of which there 
are two types (apospory and diplospory). multiple embryo sacs which typically lack antipodal 
nuclei are fonned. or else megasporogenesis in the embryo sac takes place. In adventitious 
embryony (non-gametophytic apomixis), a somatic embryo develops directly from the ceUs of the 
embryo sac, ovary wall or integuments. In adventitious embryony. somatic embryos from 
surrounding cells invade the sexual ovary, one of the somatic embryos out-competes the other 
somatic embryos and the sexual embryo and utilizes the produced endosperm. 

Were apomixis to be a controllable and reproducible phenomenon it would provide many 
advantages in plant improvement and cultivar development in the case that sexual plants are 
available as crosses with the apomictic plant. 

For example, apomixis would provide for tme-breeding. seed propagated hybrids. Moreover, 
apomixis could shorten and simplify the breeding process so that selfing and progeny testing to 
produce and/or stabilize a desirable gene combination could be eliminated. Apomixis wouW 
provkle for the use as cuWvars of genotypes with unique gene combinations since apomictic 
genotypes breed true irrespective of heterozygosity. Genes or groups of genes couW thus be 
"pyramided and fixed" in super genotypes. Every superior apomictic genotype from a soxual- 
apomictic cross would have the potential to be a cultivar. Apomixis wouU allow plant breeders to 
develop cultivars with specific stable traits for such characters as height, seed and forage quality 
and maturity. Breeders wouU not be limited in their commercial production of hybrids by © a 
cytoplasmic-nudear interaction to produce male sterile female parents r (ii) the f rtility restoring 
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capacity of a pollinator. Almost all cross-compatible gemiplasm could be a potential parent to 
produce apomictic hybrids. 

Finally, apomlxis would simplify commercial hybrid seed production. In particular, (i) the need for 
physical isolation of commercial hybrid production fields would be eliminated; (ii) all available 
land could be used to increase hybrid seed instead of dividing space between pollinators and 
male sterile lines; and (iii) the need to maintain parental line seed stocks would be eliminated. 

The potential benefits to accrue from the production of -seed via apomixis are presently 
unrealized, to a large exXenX because of the problem of engineering apomictic capacity into 
plants of interest. Ihe present invention provides a solution to that problem in that it provides 
the means for obtaining plants which exhibit the adventitious embryony type of apomixis. 

According to the present invention there is provided a method of producing apomictic seieds 
comprising the steps of: 

(i) transforming plant material with a nucleotide sequence encoding a protein the 
presence of which in an active fonm in a cell, or membrane thereof, renders said cell 
embryogenic, 

(ii) regenerating the tfius transfonned material into plants, or carpel-containing parts 
thereof, and 

(iii) expressing the sequence in the vicinity of the embryo sac. 

By Vicinity of the embryo sac" is meant in one or more of the following: carpet, integuments, 
ovule, ovule premordium, ovary wall, chalaza, nucellus, funicle and placenta. The skiBed man 
will recognize that the term "integunDents" also includes those tissues, such as endothelium, 
whk* are derived therefrom. By "embryogenic" is meant the capability of cells to develop into 
an embryo under permissive conditions. It will be appreciated that the term "in an active fomn" 
includes proteins which are tajncated or othenvise mutated with the proviso that they initiate or 
amplify embryogenesis whether or not in doing this they interact with the signal transduction 
components that they othenvise wouW in the tissues in which they are normally present 

The temn "plant material" includes protoplasts, isolated plant cells (such as stomatal guard ceBs) 
possessing a cell wall, pollen, whole tissues such as eme^ed radide, stei7), teaf., petal, 
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hypocotyl section, apical meristem. ovaries, zygotic embryo per se, roots, vascular bundle, 
pericycle. anther filament, somatic embryos and the like. 

A further embodiment of the Invention relates to a DNA molecule comprising a nucleotide 
sequence encoding a protein the presence of which in an active form in a cell, or membrane 
thereof, renders said cell embryogenic. 

The said nucleotide sequence may be introduced into the plant material, inter alia, via a bacterial 
or viral vector, by micro-injection, by co-incubation of the plant material and sequence in the 
presence of a high molecular weight glycol or by coating of the sequence onto the surface of a 
biologically inert particle which is then introduced into the material. 

Expression of the sequence may yield a protein kinase capable of spanning a plant cell 
membrane. Typically the kinase may be a leucine rich repeat receptor like kinase which has the 
capacity to auto-phosphorylate. The skilled man will recognize what is meant by the temn 
"leucine rich repeat receptor like kinase". Examples of such proteins include Arabidopsis RLK5 
(Walker. 1993). Arabidopsis RPS2 (Bent et al. 1994), Tomato CF-9 gene product (Jones et al. 
1994), Tomato N (Whitham et a/. 1994). Petunia PRK1 (Mu et al. 1994). the product of the 
Drosophila Toll gene (Hashimoto et al. 1988). the protein kinase encoded by the rice OsPKW 
gene (Zhao et al. 1994), the translation product of the rice EST clone ric2976 and the product of 
the Drosophila Pelte gene (Shelton and Wasserman, 1993). Still further examples of such 
proteins include the TMK1, Clavatal, Erecta, and JM<L^ gene products from Arabidopsis, the 
Flightless-l gene product from Drosophila, the TricC gene product from pig. the rat LhCG 
receptor and FSH receptor, the dog TSH receptor, and the human Trk receptor kinase. The 
protein may comprise a ligand binding donriain. a proline box, a transmembrane domain, a 
kinase domain and a protein binding domain. In many receptor kinases the extracellular (ligand 
binding) domain serves as an inhibitor of the kinase domain in the ligand-f ree state. This arrest is 
removed after binding of the ligand. Accordingly, in one embodiment of the invention the protein 
either lacks a figand binding donnain or the dornain is functionalty inactivated so that the kinase 
domain can be constitutively active in the absence of an activating signal (ligand). Whether or 
not the protein possesses a ligand binding domain - functional or othenvise, once expressed and 
incorporated into the plant cell membrane the protein binding domain is preferably bcated 
intra-cellularty. 
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In a preferred embodiment of the method, tfie said sequence further encodes a cell membrane 
targeting sequence. The sequence may be that which is depicted in SEQ ID Nos. 1, 2, 20» or 
32, or it may be similar In that it is complementary to a sequence which hybridizes under 
stringent conditions with the said sequences and which encodes a membrane bound protein 
having kinase activity. By "similar' is meant a sequence which is complementary to a test 
sequence which is capable of hybridizing to the Inventive sequence. When the test and 
inventive sequences are double stranded the nucleic add constituting the test sequence 
prBferably has a TM within 20'C of that of the inventive sequence. In the case that the test and 
inventive sequences are mixed together and denatured simultaneously, the TM values of the 
sequences are preferably within 10**C of each other. More preferably the hybridization is 
performed under stringent conditions, with either the test or inventive DMA preferably being 
supported. Thus either a denatured test or inventive sequence is preferably first bound to a 
support and hybridization is effected for a specified period of time at a temperature of between 
50 and 70**C In double strength citrate buffered saline (SSC) containing 0.1%SDS followed by 
rinsing of the support at the same temperature but with a buffer having a reduced SSC 
concentration. Depending upon the degree of stringency required, and thus the degree of 
similarity of the sequences, at a particular temperature, - such as 60'C, for example - such 
reduced concentration buffers are typically single strength SSC containing 0.1%SDS, half 
strength SSC containing 0.1%SDS and one tenth strength SSC containing 0.1%SDS. 
Sequences having the greatest degree of similarity are those the hybridization of which is least 
affected by washing in buffers of reduced concentration. It is most prefered that the test and 
inventive sequences arc so similar that the hybridization between them is substantially 
unaffected by washing or incubation in one tenth strength sodium citrate buffer containing 
0.1%SDS. 

Accordingly, further comprised by the present invention is a DMA sequence as depicted in SEQ 
ID NOS: 22, 24. 26, 28 and 30 or a sequence which is complementary to one which hybridizes 
under stringent conditions with the said sequences and which encodes a membrane bound 
protein having kinase activity. 

The sequence may be rrxxJif led in that known mRNA instability motifs or polyadenylatton signals 
may be removed and/or codons which are preferred by the plant into which the sequence is to 
be inserted may be used so that expression of the thus mocfified sequence in the said plant may 
yield substantially sintilar protein to that obtained by expresston of the unmodified sequence in 
the organism in which the protein is ndogerK>us. 
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In order to obtain expression of the sequence in the regenerated plant (and in particular the 
carpel thereof) in a tissue specific manner the sequence is preferably under expression control 
of an inducible or developmentally regulated promoter, typically one of the following: a promoter 
which regulates expression of SERK genes in planta, the Ambidopsis ANT gene promoter, the 
promoter of the 0126 gene from Phalaenopsis, the carrot chitinase DcEP3-1 gene promoter, the 
Ambidopsis AtChrtIV gene promoter, the Arsbidopsis LTP-1 gene promoter, me Ambidopsis bel- 
1 gene promoter, the petunia fbp-7 gene promoter, the Arsbidopsis AtDMCI promoter, the 
pTA7001 inducible promoter. The DcEP3-1 gene is expressed transiently during inner 
integument degradation and later in cells that line the inner part of the developing endospemn. 
The AtChilV gene is transiently expressed in the micropylar endosperm up to cellularisation. The 
LTP-1 promoter is active in the epidermis of the developing nucellus, both integuments, seed 
coat and earty embryo. The bel-1 gene is expressed in the developing inner integument and the 
fbb-7 promoter is active during embryo sac development. The Arabidopsis ANT gene is 
expressed during integument development, and the 0126 gene from Ptiaiaenopsis is expressed 
in the mature ovule. 

It is most preferred that the sequence is expressed in the somatic celts of the embryo sac, ovary 
wall, nucetlus, or integuments. 

The endosperm within the apomictic seed results from fusion of polar nuclei within the embryo 
sac with a pollen-derived nr^le gamete nucleus. It is preferred that the sequence encoding the 
protein is expressed prior to fusion of the polar nuclei with the male gamete nucleus. 

The invention further includes a DNA, but preferably a recombinant DNA, comprising a 
sequence encoding a protein the presence of which in an active form in a cell, or membrane 
thereof, renders said cell embryogenic. Prefemed is a DNA encoding a protein which is a leuctne 
rich repeat receptor like kinase and comprises a Bgand binding domaffi, a profine box, a 
transmembrane domain, a kinase domain and a protein binding domain, the ligand binding 
domain optionally being absent or functionally inactive. 

In particular, the invention embodies a DNA comprising a DNA sequence encoding a N-terminal 
protein fragment having the following amino add sequence: GhSerTrpAspPioThrLeuValAsnPro 
CysThrTrp Phe his ValThr Cys Asa 
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A spedf ic embodiment of the invention relates to a DNA comprising a DNA sequence encoding 
a protein having the sequence depicted In SEQ ID Nos. 3 or 21 . or a protein substantially similar 
thereto which is capable of being nwmbrane bound and which has kinase activity. By 
substantially similar is meant a pure protein having an amino add sequence which is at least 
90% similar to the sequence of the proteins depicted in SEQ ID No 3 below. In the context of 
the present invention, two amino acid sequences with at least 90% similarity to each other have 
at least 90% identical or conservatively replaced amino add residues in a like position when 
aligned optimally allowing for up to 8 gaps with the proviso that in respect of each gap a total not 
more than 4 amino acid residues is affected. For the purpose of the present inventron 
conservative replacements may be made between amino adds within the following groups: 

(i) Serine and Threonine; 

(ii) Glutamic acid and Aspartk: add; 

(iii) Arginine and Lysine; 

(iv) Asparagine and Glutamine; 

(v) Isoleudne, Leudne, Valine and Methionine; 

(vi) Phenylalanine, Tyrosine and Tryptophan 
(vli) Alanine and Glydne 

In addition, non-consen^ative replacements may also occur at a low frequency. Accordingly, the 
invention father embodies a DNA comprising a DNA sequence encoding a N-terminal protein 
fragment having the following amino add sequence: ValXaaCaiSerTrpAspProThrLeu ValAsnPio 
Cys7hrTrpPheHisVaIThrOysAs\wilhXaabeingavafi^ L£UorVaL 

Especially preferred within the scope of the invention is a DNA comprising a DNA sequence 
encoding a N-terminal protein fragment having the following amino add sequence: ValXaa Gh 
SerTip Prolhr Leu Val Asn FtoCysTTrTip Phe Hs ValThr Cys ^ 

AspLeuGJyAaiXagXahL£uSerQVI*ljeuXaiProGbljeuGlyXa^ Xaa to 

Xak representing variable amino acids, but preferably 

Xaa =: LeuaVai 

Xab=:AsnaGli 

Xac = GluaAsporhfs 

Xad= Asnahfe 

Xae=SeraArgaGti 
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Xafs Beorlh- 

Xag=AlaorSer 

Xah=GluorAsn 

XaisVatorAla 

Xa|=ValorLys 

XaksLysorGu 

XalsAsnorHs 

It is preferred that the DNA further encodes a cell membrane targeting sequence, and that the 
protein encoding region is under expression control of a developmentally regulated or inducible 
promoter, such as. for example, a promoter which regulates expression of SERK genes in 
planta, the carrot chitinase DcEP3-1 gene promoter, the Arabidopsis AtChitIV gene promoter, 
the Arabidopsis LTP-1 gene promoter, the Arabidopsis beH gene promoter, the petunia fbp-7 
gene promoter, the Arabidopsis Am gene promoter, or the promoter of the 0126 gene from 
Phalaertopsis: the Arabidopsis AtDMC^ promoter, or the pTA7001 inducible promoter. 

Particularty preferred embodiments of the said DNA include those depicted in SEQ ID Nos. 1. 2. 
20 or 32. or those which are complementary to one which hybridizes under stringent conditions 
with the said sequences and which encode a membrane bound protein having kinase activity. 
As indicated above, the DNA may be modified in that known mRNA instability motifs or 
polyadenylation signals may be removed and/or codons which are prefened by the plant into 
which the DNA is to be inserted may be used so that expression of the thus modified DNA in the 
said plant may yield substantially similar protein to that obtained by expression of the unmodified 
DNA in the organism in which the protein is endogenous. 

The invention stin further includes a vector which contains DNA as indicated in the three 
immediately preceding paragraphs, plants transformed with the recombinant DNA or vector, and 
the progeny of such plants which contain the DNA stably incorporated, and/or the apomiclic 
seeds of such plants or such progeny. 

The recombinant DNA molecules of the invention can be introduced into the plant cell In 
a number of art-recognized ways. Those skilled In the art will appreciate that the choice 
of method might depend on the type of plant, .i.e._mpnqc t. or dicot. targeted, for 
transformation. Suitable methods of transfomiing plant cells include microinjection 
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(Crossway et aL, BioTechniques 4.'320-334 (1986)). electroporation (Riggs et al Proc. 
Natl. Acad. ScL USA 83:5602-5606 (^9B6), Agrobacterium mediated transformation 
(Hinchee etaL, Biotechnology 6:9^S'^9^^ (1988)). direct gene transfer (Paszkowski ef a/., 
EMBO J. 3.-271 7-2722 (1984)), ballistic particle acceleration using devices available from 
Agracetus, Inc., Madison. Wisconsin and Dupont, Inc., Wilmington, Delaware (see, for 
example, Sanford ef a/., U.S. Patent 4,945.050; and McCabe ef a/., Biotechnology 
6:923-926 (1988)), and protoplast transformation/regeneration methods (see U.S. Patent 
No. 5,350.689 issued Sept. 27, 1994 to Ciba-Geigy Corp.). Also see, Weissinger et aL, 
Annual Rev. Genet, 22:421-477 (1988); Sanford et Particulate Science and 
Technology 5.-27-37 (1987)(onton); Christou ef a/., Plant Physiol. 87:671-674 
(1988){soybean); McCabe et aL Bio/Technology 6:923-926 (1988)(soybean); Datta et 
a/., Bio/Technology 8:736-740 (1 990)(rice); Klein ef aL, Proc. Natl. Acad. Sci. USA, 
85:4305-4309 (1 988)(maize); Klein ef a/., B/o/Tecrtno/ogy 6:559-563 (1988)(maize); Klein 
ef a/., Plant Physiol, 97:440-444 (1988){maize); Fromm ef a/., Bio/Technology 8:833-839 
(1 990); and Gordon -Kamm ef a/., Rant Cell 2:603-61 8 (1 990)(maize). 

Comprised within the scope of the present invention are transgenic plants, in particular 
transgenic fertile plants transformed by means of the aforedescribed processes and their 
asexual and/or sexual progeny, which still contain the DNA stably incorporated, and/or the 
apomictic seeds of such plants or such progeny. 

The transgenic plant according to the invention may be a dicotyledonous or a 
monocotyledonous plant. Such plants include field crops, vegetables and fruits including 
tomato, pepper, melon, lettuce, cauliflower, broccoli, cabbage, brusseis sprout, sugar beet, 
com, sweetcom, onion, carrot leek, cucumber, tobacco, alfalfa, aubergine, beet, broad bean, 
celery, chicory, cow pea, endive, gourd, groundnut, papaya, pea. peanut, pineapple, potato, 
safflower, snap bean, soybean, spinach, squashes, sunftower, sorghum, water-melon, and 
the like; and ornamental crops including impatiens. Begonia. Petunia, Pelargonium. Viola, 
Cydamen, Verbena, Vinca, Tagetes. Primula, Saffit Paulia. Ageratum, Amaranthus, 
Anthirrhinum, Aquilegia. Chrysanthemum. Cineraria, Ctover, Cosmo, Cowpea, Dahlia, Datura, 
Delphinium. Gerbera. Gladiolus, Gloxinia. Hippeastrum, Mesembryanthemum. Satpigtossis, 
Zinnia, and the Bke. In a pref en^d embodiment, the DNA is expressed in 'seed crops" such 
as com. swe t com and peas etc, in such a way that th apomictic seed^ which results from 
such expression is not physically mutated or otherwise damaged in comparison with seed 
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from untransformed like crops. Preferred are monocotyledonous plants of the 
GfBminaceae family involving Lolium. Tea. Trificum. Tnticale, Sorqhum , Sacchamm , 
Bromus. Orvzae. Avena. Hordeum. Secale and Setaria plants. 

More preferred are transgenic maize, wheat, barley, sorghum, rye. oats, turf and forage 
grasses, millet and rice. Especially prefen-ed are maize, wheat, sorghum, rye, oats, turf 
grasses and rice. 

Among the dicotyledonous plants Arabidopsis, soybean, cotton, sugar beet, sugar cane, 
oilseed rape, tobacco and sunflower are more preferred herein. Especially preferred are 
soybean, cotton, tobacco, sugar beet and oilseed rape. ^ 

The expression 'progeny' is understood to embrace both, "asexually" and "sexually" 
generated progeny of transgenic plants. This definition is also meant to include all 
mutants and variants obtainable by means of known processes, such as for example cell 
fusion or mutant selection and which still exhibit the characteristic properties of the initial 
transformed plant, together with all crossing and fusion products of the transformed plant 
material. This also includes progeny plants that result from a backcrossing, as long as 
the said progeny plants still contain the DNA according to the invention 

Another object of the invention concerns the proliferation material of transgenic 
plants. 

The proliferation material of transgenic plants is defined relative to the invention as any 
plant material that may be propagated sexually or asexuatly in vivo or in vitro. Particuiariy 
preferred within the scope of the present invention are protoplasts, cells, calli. tissues, 
organs, seeds, embryos, pollen, egg cells, zygotes, together with any other propagating 
material obtained from transgenic plants. 

Parts of plants, such as for example flowers, stems, fruits, leaves, roots originating in 
transgenic plants or their progeny previously transformed by means of the process of the 
invention and therefore consisting at least in part of transgenic cells, are also an object 
of the present invention. Espeically preferred a apomictic seeds. 

A further object of the invention is a method of producing apomictic seeds, but preferably 
seeds that are of the adventitious embryony type, comprising the steps of: 

(i) transforming plant material with a nucleotide sequence encoding a protein the 
presence of which in an active fomn in a cell, or membrane thereof, renders said cell 
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embryogenic, but preferably a protein which is a protein kinase capable of spanning a 
plant cell men^rane and capable of autophosphorylation. 

(ii) regenerating the thus transformed material into plants, or carpel-containing parts 
thereof, and 

(in) expressing the sequence in the vicinity of the embryo sac. 

The kinase protein being expressed by the DMA according to the invention is preferably a 
leucine rich repeat receptor like kinase and comprises a Hgand binding domain, a proline box, a 
transmembrane domain, a kinase domain and a protein binding domain. In a specific 
embodiment of the tnverition, the said kinase protein may lack a functional ligand binding 
domain but comprises a proline box, a transmembrane domain, a kinase domain and a protein 
binding domain. 

The genetic properties engineered into the transgenic seeds and plants described above 
are passed on by sexual reproduction or vegetative growth and can thus be maintained and 
propagated in progeny plants. Generally said maintenance and propagation make use of 
known agricultural methods developed to fit specific purposes such as tilling, sowing or 
han^esting. Specialized processes such as hydroponics or greenhouse technologies can 
also be applied. As the growing crop is vulnerable to attack and damages caused by insects 
or infections as well as to competition by weed plants, measures are undertaken to control 
weeds, plant diseases, insects, nematodes, and other adverse conditions to improve yield. 
These include mechanical measures such a tillage of the soil or removal of weeds and 
infected plants, as well as the application of agrochemicals such as herbicides, fungicides, 
gametocides, nematicides, growth regulants, ripening agents and insecticides. 

Use of the advantageous genetic properties of the transgenic plants and seeds according to 
the invention can further be made in plant breeding which aims at the development of 
plants with improved properties such as tolerance of pests, herbicides, or stress, improved 
nutritional value, increased yield, or improved structure causing less loss from lodging or 
shattering. The various breeding steps are characterized by well-defined human 
intervention such as selecting the lines to be crossed, directing pollination of the parental 
lines, or selecting appropriate progeny plants. Depending on the desired properties different 
breeding measures are taken. The relevant techniques are well known in the art and include 
but are not limited Vo hybridization, inbree^dlng, backcross breeding, multilir^e breeding. 
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variety blend, interspecific hybridization, aneuploid techniques, etc. Hybridization 
techniques also include the sterilization of plants to yield male or female sterile plants by 
mechanical, chemical or biochemical means. Cross pollination of a male sterile plant with 
pollen of a different line assures that the genome of the male sterile but female fertile plant 
will uniformly obtain properties of both parental lines. Thus, the transgenic seeds and plants 
according to the invention can be used for the breeding of improved plant lines which for 
example increase the effectiveness of conventional methods such as herbicide or pestidice 
treatment or allow to dispense with said methods due to their modified genetic properties. 
Altematively new crops with improved stress tolerance can be obtained which, due to their 
optimized genetic "equipmenf, yield han/ested product of better quality than products which 
were not able to tolerate comparable adverse developmental conditions. 

In seeds production germination quality and uniformity of seeds are essential product 
characteristics, whereas germination quality and uniformity of seeds harvested and sold by 
the farmer is not important. As it is difficult to keep a crop free from other crop and weed 
seeds, to control seedbome diseases, and to produce seed with good germination, fairiy 
extensive and well-defined seed production practices have been developed by seed 
producers, who are experienced in the art of growing, conditioning and marketing of pure 
seed. Thus, it is common practice for the farmer to buy certified seed meeting specific 
quality standards instead of using seed harvested from his own crop. Propagation material 
to be used as seeds is customarily treated with a protectant coating comprising heri3icides, 
insecticides, fungicides, bactericides, nematicides, moiluscicides or mixtures thereof. 
Customarily used protectant coatings comprise compounds such as captan, carboxin, 
thiram (TMTD*). methalaxyl (Apron*), and pirimiphos-methyl (Acteilic*). If desired these 
compounds are formulated together with further carriers, surfactants or application- 
promoting adjuvants customarily employed in the art of fonnulation to provide protection 
against damage caused by bacterial, fungal or animal pests. The protectant coatings may 
be applied by impregnating propagation material with a liquid formulation or by coating with 
a combined wet or dry fonnulation. Other methods of application are also possible such as 
treatment directed at the buds or the fmit. 

It is thus a further object of the present invention to provide plant propagation material for 
cultivated plants, but especially plant seed that is treated with an seed protectant coating 
customarily used in seed treatment. 
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It is a further aspect of the present invention to provide new agricultural methods such as 
the methods exemplified above which are characterized by the use of transgenic plants, 
transgenic plant material, or transgenic seed according to the present invention. 

To breed progeny from plants transfonned according to the method of the present 
invention, a method such as that which follows may be used: plants produced as described 
in the examples set forth below are grown in pots in a greenhouse or in soil, as is known in 
the art, and pennitted to flower. Pollen is obtained from the mature stamens and used to 
pollinate the pistils of the same plant, sibling plants, or any desirable plant. Similarty. the 
pistils developing on the transformed plant may be pollinated by pollen obtained from the 
same plant, sibling plants, or any desirable plant. Transformed progeny obtained by this 
method may be distinguished from non-transfomned progeny by the presence of the 
introduced gene(s) and/or accompanying DNA (genotype), or the phenotype conferred. 
The transformed progeny may similarty be selfed or crossed to other plants, as is nomially 
done with any plant canying a desirable trait. Similarty, tobacco or other transformed plants 
produced by this method may be selfed or crossed as is known in the art in order to 
produce progeny with desired characteristics. Similarty, other transgenic organisms 
produced by a combination of the methods known in the art and this invention may be bred 
as is known in the art in order to produce progeny with desired characteristics. 

Further comprised by the invention is a method of obtaining embryogenic cells in plant material, 
comprising transfonming the material with a recombinant DMA sequence or a vector according to 
the invention, expressing the sequence in the material or derivatives thereof and subjecting the 
said material or derivatives to a corT?>ound which acts as a Bgand for the gene product of the 
said sequence. 

The invention further relates to a method of generating somatic embryos under in vitro 
conditions wherein the SERK protein is overexpressed ectopically. 

The invention still further includes the use of the said DNA in the manufacture of apomidic 
seeds, in whfch use the sequence is expressed in the vicinity of the embryo sac. 

In a specific embodiment of the invention the SERK gene may be expressed in transgenk: plants 
such as, for exarnple, _ari_ ArajWtfp/) r the cwitrol of .plant expression signals, 

particularty a promoter which regulates expresston of SERK genes in frianta, but preferably a 
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developmentaily regulated or inducible promoter such as. for xample, the carrot chrtinase 
DcEP3-1 gene promoter, the Arabidopsis AtChitIV gene promoter, the Arabidopsis LTP-1 gene 
promoter, the Arabidopsis beH gene promoter, the petunia fbp-7 gene promoter, the 
Arabidopsis ANT gene promoter, or the promoter of the 0126 gene from Phalaenopsis; the 
Arabidopsis AtDMCI promoter, or the pTA7001 inducible promoter. 

The promoters of the DcEP3-1 and the AtChit IV genes may be doned and characterized by 
standard procedures. The DcSERK coding sequence {SEQ ID No, 2) is doned behind the 
DcEP3-1, the AtChit IV or the AtLTP-1 promoters and transformed into Arabidopsis. The ligation 
is performed in such a way that the promoter is opefably linked to the sequence to be 
transcribed. This construct, which also contains known marker genes providing for selection of 
transformed material, is inserted into the T-DNA region of a binary vector such as pBIN19 and 
transformed into Arabidopsis, Agmtocfenurrvmediated transformation into Arabidopsis is 
performed by the vacuum infiltration or root transformation procedures known to the skilled man. 
Transformed seeds are selected and han^ested and (where possible) transformed lines are 
established by normal selfing. Parallel transfomnations with 35S promoter-SERK constructs and 
the entire SERK gene itself are used as controls to evaluate over-expresaon in many cells or 
only in the few cells that naturally express the SERK gene. The 35S promoter-SERK constoict 
may give embryo fonmation wherever the signal that activates the SERK-mediated transduction 
chain is present in the plant. A testing system based on emasculation and the generation of 
donor plant lines for pollen carrying LTP1 promoter-GUS and SERK promoter-bamase is 
established. 

The same constaicts (35S. EP3-1 , AtChitIV, AtLTP-1 and SERK promoters fused to the SERK 
coding sequence) are employed for transformation into several Arabidopsis backgrounds. These 
backgrounds are wild type, male sterile, fis (allelic to emb 173) and primordia timing (pt)-1 lines, 
or a combinatton of two or several of these backgrounds. The wt lines are used as a control to 
evaluate possble effects on nonmal zygotic embryogenesis, and to score for seed set without 
fertilization after emasculation. The ms lines are used to score directly for seed set without 
fertilization. The fis lines exhtoit a certain degree of seed and embryo development without 
fertilization, so may be expected to have a natural tendency for apomictic embryogenesis, which 
may be enhanced by the presence of the SERK constructs. The pt-1 line has superior 
regenerative capabilities and has been used to initiate ttie first stably embryogentc Arabidopsis 
cell suspension cuttures. Cdrnbinations of several of the above badcgrounds are obtained by 
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crossing with each other and with lines containing ectopic SERK expressing constructs. Except 
for the ms lines, propagation can proceed by normal setting, and analysis of apomictic traits 
following emasculation. A similar strategy is followed in which the ATChtIV, AtLTP-1 and SERK 
promoters are replaced by the beH and fbp-7 promoters as well by other promoters specific for 
components of the female gametophyte. 

Additional constntcts are generated that have constitutive receptor kinase activity. Most of the 
receptor kinases of the SERK type act as homodimeric receptors, requiring autophosphorylation 
before being able to activate downstream signal transduction cascades. In many receptor 
kinases the extracellular domain series as an inhibitor of the kinase domain in the ligand-free 
stage. This an-est is removed after binding of the ligand (Cadena and Gill, 1992). By introduction 
of a SERK construct, from which the extracellular ligand-binding donr^in has been removed, 
mutant homodimeric (in cells that do not have a natural population of SERK proteins) or 
heterodimeric (in cells that also express the unmodified forms) proteins can be generated with a 
constitutively activated kinase domain. This approach, when coupled to one of the promoters 
active in the nucellar region, results in activation of the embryogenic pathway in the absence of 
the activating signal. This may be an important alternative in cases where it is necessary or 
desirable to have activation of the SERK pathway only dependant on specific promoter activity 
and independent of temporal regulation of an activating signal. Introduction of SERK constructs 
that result in fertilization-independent-embryogenesis (fie) are tested in other species for their 
effect. In order to recognize the fie phenotype, the skilled man will use appropriate male sterile 
backgrounds. However, pollination is often necessary for apomixis of the adventitious embryony 
type, in order to ensure the production of endosperm. 

Whilst the present invention has been particularly described by way of the production of 
apomictic seed by heterologous expression of the SERK gene in the nucellar region of the 
carpel, the skilled man will recognize that other genes, the products of which have a similar 
stnjcture/function to the SERK gene product, may likewise be expressed with similar results. 
Moreover, although the example illustrates apomictic seed productton in ArBbidopsis, the 
invention is, of course, not limited to the expression of apomkjtk: seed-inducing genes solely in 
this plant. Moreover, the present disclosure also hdudes the possibility of expressing the SERK 
(or related) g ne sequences in the transformed plant material in a constitutive - tissue non- 
specific manner (for example under transcriptional control of a CaMV35S or NOS promoter). In 
this case, tissue spedftdty is assured by the Realized presence within the vidn'rty f the embryo 
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sac of the ligand of the product of the said gene. Furthermore, the SERK (or related) gene 
products may interact with proteins such as transcription factors which are involved in regulating 
embryogenesis. This interaction within tissue which has been transfonmed according to the 
present disclosure is also part of the present invention. 

The skilled man who has the benefit of the present disclosure will also recognize that the SERK 
gene (and others as indicated in the preceding paragraph) may be transformed into plant 
material which may be propagated and/or differentiated and used as an explant from which 
somatic embryos can be obtained. Expression of such-sequences in the transformed tissue 
(which is subjected to a ligand of the kinase gene products) substantially increases the 
percentage of the cells in the tissue which are competent to form somatic embryos, in 
comparison with the number present in non-transfomied like tissue. 

The invention will be further apparent from the foltowing description and the associated drawings 
and sequence listings. 

SEQ ID NO. 1 depicts the Daucus carota genomic done of the putative receptor kinase (SERK) 
associated with the transition of competent to embryogenic ceHs; 
SEQ ID NO. 2 depicts the cDNA of the sakJ putative kinase; 

SEQ ID NOs, 3 depicts the the predicted protein sequence of the SERK protein encoded by 
the DNA of SEQ ID NO:1. 

SEQ ID NOs: 4-16 depict the sequences of various PGR primers; and 

SEQ ID NOs. 17-1 9 depict specific peptides contained within the gene product of SEQ ID NO. 2. 
SEQ ID NO: 20 depitcts the Arabidopsis thaliana partial genomic done of the putative receptor 
kinase (SERK) associated with the transition of competent to embryogenic cells. 
SEQ ID NO: 21 depicts the predicted protein sequence of the SERK protein encoded by the 
DNA of SEQ ID NO:20. 

SEQ ID NOs: 22. 24. 26, 28 and 30 depict the partial DNA sequences of 5 EST dones with 
high homology to the SERK LRR sequences . 

SEQ ID NOs. 23. 25, 27, 29 and 31 depict the predicted protein sequence of the partial DNA 
sequences of the 5 EST dones of SEQ ID Nos: 22, 24, 26, 28 and 30. 
SEQ ID NO: 32 depicts the nudotide sequence of the SERK cDNA from Arabidopsis thaliana, 
SEQ ID NO: 33 depicts the predided amino add sequence of the SERK protein from 
Arabidopsis thafiana ncoded by the DNA of SEQ ID NO: 32. 
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Figure 1 shows the results of an RT-PCR experiment performed n RNA extracted from the 
indicated tissues. 40 cycles followed by Southem blotting of the resulting bands is necessary to 
visualize SERK expression. Lanes include explants at day 7, treated for less (lane 1) or more 
(lane 2) then 3 days with 2,4-D. In the original a very faint signal is visible in lane 2, but not in 
lane 1 . Established embryogenic cultures (lanes 4-6) but not a non-embryogenic control (lane 3) 
express the SERK gene. In carrot plants, no expression is detectable except for developing 
seeds after pollination (lane 7). Up to day 7 after pollination, the carrot zygote remains undivided, 
suggesting that the observed signal is coming only from the zygote. At day 10, the early globular 
snd at day 20 the heart stage is reached in carrot zygotic ertibryogenesis. No signals are seen 
on Northern blots. 

Rgure 2A shows the results of a whole-mount in situ hybridization with the SERK cDNA on 7 
day explants treated for 3 days with 2,4 D. Few cells on the surface of the explant express the 
SERK gene, and those cells that do are the ones that become ennbryogenic. Rgure 2B shows a 
whole mount in situ hybridization on a partially dissected seed containing a globular zygotic 
embryo. Hybridization is visualized by DIG staining. 

Rgure 3 shows SERK expression in embryogenic hypocotyl cells during honmone-induced 

activation, determined by whole mount in situ hybridization . Ban 50 mm 

(A-E) Cell population generated by mechanical fragmentation of the activated hypocotyls. Only 

few of a certain type of cell, defined enlarged cell show SERK expression (asterisks). SmaW 

cytoplasmic cells (c), enlarging cells (eg) and large cells (I) never show SERK expression. 

(F) Hypocotyl longitudinal section before hormone-induced activation. It is not possible to detect 

any SERK expression in any type of cell. 

(G-l) Proliferating mass coming from the inner hypocotyl tissues 10 days after the beginning of 
the honmonal treatment (longitudinal section). In G a single enlarged cells showing SERK 
expression is detectable within a row of negative cells showing the same nrx)rphology. In H a 
single enlarged ceil showing serk expression is detaching from the surface of the proliferating 
mass. In I a cluster of enlarged cells showing SERK expresston is detectable at the surface of 
proliferating tissue. 

(J) Proliferating mass coming from the Inner tissues of the hypocotyl 10 days after the beginning 
of the ro ting treatment (24 hours with 2,4^ followed by hormon removal). Botii the root 
primordia and the enlarged cells detachjng from the surf ace do not show any SERK expression, 
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Figure 4 shows the phenotyp© of Arabidopsis WS plants transformed with the 2200 bp SERK- 
iuciferase consturct at the seedling level. Pictures were taken at 28 days after germination of T2 
seeds. In plant ii and III no clear shoot meristem is visible at the seedling stage, 7 days after ger- 
mination. The first two leaves, if they develop at all, are needieshaped as hown on the pictures 
taken 28 days after germination. At this time plant I, whteh shows no dear phenotype, already 
starts flowering. Secondary shoot meristems are already developing in plant no II and will also 
develop later from no III. Shoot meristems. influorescences and normal ftowers eventually 
develop on all plants. ^ 

Rgure 5 shows how the 2200 bp SERK ludferase construct affects the number of developing 
ovules in the siiiques of transformed plants. 

Rgure 6 shows autophosphorylation of purified SERK fusion protein in vitro. Lane 1: purified 
SERK fusion protein; Lane 2: serine phosphate; Lane 3: threonine phosphate; Lane 4: thyrosine 
phosphate. 

The following description illustrates the isolation and doning of the SERK gene and the 
production of apomictic seed by heterotogous expression of the said gene in tiie nuceliar region 
of the carpel so that somatic embryos form which penetrate the embryo sac and are 
encapsulated by the seed as it develops. 
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ISOLATION AND CLONING OF THE SERK GENE FROM D AUCUS CAROTA 

Isolation of cDNA clones that are preferentially expressed in embryogenic ceil cultures oT 
carrot 

In order to increase the chance of success for obtaining genes expressed in canot suspension 
cells competent to forni embryos, the number of embryo-fomiing cells as present in a series of 
established cell cultures was detemiined. A sub-population of cells that passed through a 30 mm 
nyton sieve was isolated from eight different cultures that ranged in age between 2 months and 
4 years. In these sub 30 mm populations, the number of embryos fomied from the single cells 
and small cell dusters was determined and expressed as a percentage of the total number of 
cells present at the start of embryogenesis. Sieved <30 rrvn cultures able to fomn somatic 
embryos with a frequency of more than 1% were then used as a source for competent cells, and 
cultures that produced less than 0.01% embryos were used as non-embryogenic controls. As 
nrwin cloning strategies, cold plaque screening (Hodge et qL 1992) and differential display (dd) 
RT-PCR (Liang and Pardee, 1992) were used besides conventional differential screening of 
cDNA libraries. 

Labeled probes for differential screening were obtained from RNA out of a <30 mm sieved 
sub-population of cells from either embryogenic or nor>-embryogenic cell cultures. Employing 
these probes in a library screen of approximately 2000 plaques yielded 26 plaques that failed to 
show any hybridization to either probe. These so-called cold plaques were purified and used for 
further analysis. From the total number of plaques that did hybridize, about 30 did so only with 
the probe from embryogenic cells. ddRT-PCR reactions using a combination of one anchor 
primer and one decamer primer were perf onned on mRNA isolated from three embryogenic, and 
three non-embryogenic suspension cultures. About 50 different ddRT-PCR fragments were 
obtained from each reaction. Using combinations of three different anchor and six different 
decamer primers, a total of approximately 1000 different cDNA fragments was visualized. Six of 
these PCR fragments were only found In lanes made with mRNA from <30 mm populations of 
cells from embryogenic cultures (Table 1) and with oligo oombinatior^ of the anchor printer (5- 
lllilllllllGC-3*) and the decamer primers (5'-GGQATCTAAG-3'), (5'-ACACGTGGTC-3'), 
(5 -TCAGCAGAGG-3'). Because differential PCR fragments often consist of several unresolved 
cDfsIA fragments (Li et al 1994), cloning proved to be essential prior to undertaking further 
characterization of the PCR fragments obtain d. 
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All clones obtained were subjected to a second screen, that consisted of spot-dot Northern 
hybridization perfonned under conditions of high stringency. This method, that used RNA from 
entire unsieved embryogenic and non-enr^ryogenic suspension cultures, proved to be a fast and 
reliable additional selection method. Only one done (22-28) of the 30 clones obtained after 
differential screening, proved to be restricted to embryogenic cell cultures while the majority was 
constitutively expressed. The 26 clones obtained from the cold plaque screening required long 
exposure times in the spot-dot Northern analysis. Six of these clones failed to show any 
hybridization signal and 19 proved to be expressed in both, embryogenic and non-embryogenic 
cell cultures. One clone (31-50) showed low expression in all embryogenic cultures, and in one 
non-embryogenic culture, but not in the others. Of the six cloned fragments obtained by ddRT- 
PCR display, four showed hybridization more or less restricted to transcripts present in 
embryogenic cultures. All clones that passed through the second screening were sequenced. 
Two of the ddRT-PCR clones (6-8 and 7-13) were identical to the carrot Lipid Transfer Protein 
(LTP) gene, previously identified as a marker for embryogenic carrot cell cultures. LTP 
expression is restricted to embryogenic cell dusters and the protoderm of somatic and zygotic 
embryos from the early globular stage onwards (Stert< et a/. 1991). Therefore, while the LTP 
gene is not a marker for competent cells, its appearance in the screening confirms the validity of 
our methods with respect to the doning of genes expressed eariy during somatic 
embryogenesis. 

cDNA clone 31-50 encodes a ieucine-rich repeat containing receptor-like kinase 
The mRNA con-esponding to the isolated done 31-50 had an open reading frame of 1659 
nudeotides encoding a protein with a calculated Mw of 55 kDa. Because done 31-50 is mainly 
expressed in embryogenic cell cultures it was renamed Somatic Embryogenesis Receptor 
Kinase (SERK). The SERK protein contains a N-terminal domain with a five-times repeated 
leudne-rich motif that is proposed to act as a protein-binding region in LRR receptor kinases 
(Kobe and Deisenhofer. 1994), Between the extracellular LRR domain of SERK and the 
membrane-spanning region is a 33 amno add region rich in proRnes (13), that is unk^ue for the 
SERK protein. Of particular interest is the sequence SPPPP, that is consented in extensins, a 
class of universal plant cell wall proteins (Vamer and Lin, 1989). The proposed intracellular 
domain of the protein contains the 11 subdomains characteristic of the catatytk: core of protein 
kinases. The core sequences HRDVKAAN and GTLGYIAPE in respectiyely the kinase 
sutKJomains VB and Vlir suggest a function as a serine / threonine kinase (Hanks et al. 1988). 
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Another interesting feature of the intracellular part of the SERK protein is that the C-terminal 24 
amino-acids resembles a single LRR. The serine and threonine residues present within the 
intracellular LRR sequence are surrounded by acidic residues and might be targets for the 
autophosphorylation of SERK» thereby regulating the ability of other proteins to interact with this 
receptor*kinase in a similar fashion as described for the SH2 domain of the EGF family of 
tyrosine receptor kinases. 

Hybridization of the SERK cDNA done to the carrot genome revealed the presence of only a 
single main hybridizing band after digestion with EcoRI , probably reflecting a single SERK gene 
in the carrot genome. This was confimned after digestion with Ddel. an enzyme that cuts three 
times within the SERK gene. No signal was observed after Northern blotting of mRNA from 
embryogentc cell cultures and hybridization vM\ labeled SERK probes, reflecting the tow levels 
of transcript present in these cultures. Detection of the SERK transcript on the original spot-dot 
Northerns was only possible after long exposure times compared with other probes. 

The ability of the SERK protein to autophosphorylate was investigated in vitro, using a previously 
described autophosphorylation assay (Mu et al. 1994), with a bacterial fusion protein that 
contained the complete intracellular region of the SERK protein. The bacterialty expressed 
SERK fusion protein was able to autophosphorylate, indicating that the SERK protein is able to 
fulfill a role as a protein kinase in vivo (Heldin, 1995). 

Expression of the SERK gene corresponds with the first appearance of competent ceils 
during hypocotyi activation 

When carrot hypocotyls are induced with 2,4-D, only the cells of the provascular tissue 
proliferate. Cells of epidermal and cortical origin merely expand, suggesting that the provascular 
tissue derived cells form the newly initiated suspension culture. After removal of 2,4-D. the 
formation of somatic embryos occurs after 2-3 weeks. Somatic embryos are preceded by 
embryogenic cells, that are devetoped in turn from competent cells. While competent and 
embryogenic cell formatton take place in the presence of 2,4-Di it was not dear when this 
occurred, and which celts acquired competence. Since prevtous experiments (Toor>en et al. 
1994) revealed that cell morphology is not a good criterion, the first appearance of ^igle 
competent cells was detemitned experimentally by senrti-automatic cell tracking perfomned on 
targe populations of immobilized celts. Hypocotyi explants activated with 2,4*0 for seven days 
were mechanically fragrnented and samples of the resulting populatton of n^inly singi 



wo 97/43427 



-21 - 



PCT/EP97/02443 



suspension cells were Immobilized to altow recording of their development by cell tracking. In the 
immobilized cell populations obtained in this way all the morphologically discernible cell types 
were present that were also seen in the un-fragmented activated hypocotyls. Because the 
different cell morphologies observed during hypocotyl activation were known {Guzzo et aL 
1995), it was possible to trace back the original position of each type of cell in the activated 
explant. Small cytoplasm-rich cells (16x16 mm) are the proliferating cells that surround the 
vascular elements. Enlarging vacuolated cells (16x40 mm) are encountered on the surface of 
the mass of proliferating cells and these can detach from the surface when fully enlarged (35x90 
mm). Large vacuolated cells (more than 60x140 mm) are^the non-proliferating remnants of the 
hypocotyl epidemnis and cortical parenchyma. The shape of the enlarging and fully enlarged 
cells could change from oval to elongate or triangular. Cell tracking on a total of 24,722 cells 
released from seven days activated hypocotyls showed that only 20 single cells formed a 
somatic embryo. Because of their dependance on continued 2.4-D treatment, the embryo- 
fonming single cells are still in the competent cell stage. All of the embryo-fonming single cells 
belonged to the category of 3.511 enlarged cells, that contained therefore competent cells in a 
frequency of 0.56%. The single cell tracking experiments dearly reveal that the ability of explant 
cells to reinitiate cell division under the influence of 2,4-D, resulting in a population of highly 
cytoplasmic and rapkiiy proliferating cells, does have a causal relation with the ability to become 
embryogenic. It is also clear that only a very limited number of the cells that make up the newly 
initiated embryogenic suspension culture are actually competent to form embryogenic cells. 

Expression of the SERK gene, determined by whole mount in situ hybridization on a similar 
population of cells as used for the cell tracking experiments, was found to be restricted to only 
0.44% of the enlarged cells. Therefore, the expression of the SERK gene appears closely 
con-elated both quaritatively and quantitativety with the presence of competent single cells. 

To obtain insight into the temporal regulation of SERK expression in the course of explant 
activatton, whole mount in situ hybridizatfon was performed on entire intact or hand-secttoned 
explants treated for different periods with 2,4*D. Representative samples were collected at daily 
intenmis from explants untreated and treated for three days, six days, seven days or ten days 
with 2,4-D before retuming to 85-0. No SERK-expressing cells were ever found In explants 
treated for less then three days with 2,4-D. While enlarged cells became present after the first 
five days of culture, the first fevy SERK-expressing enlarged cells were found after six-seven 
days of culture in the presence of 2.4-D treatment These few cells were present at the surface 
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of the mass of proliferating cells originating from the provascular tissue. In the hypocotyls treated 
for ten days with 2,4-D, the number of SERK-positive cells had increased to 3.04% and included 
at this stage also cells present in small clusters. No SERK transcript was ever detected in small 
cytoplasm-rich cells or large vacuolated cells. Hypocotyls were also treated for only one day with 
2,4-D and subsequently cultured in honnone-f ree medium for a total of seven or ten days. Under 
these conditions explant cells proliferated and gave rise to roots and non-embryogenic cell 
cultures, while SERK expression could never be detected. The in situ hybridization results 
described above were obtained from a relatively small number of explants and a few hundred 
cells, so RT-PCR followed by Southern hybridization was performed to obtain more quantitative 
results. These are shown in Figure 7 and confinn the dose temporal con-elation between the first 
appearance of competent cells in explants treated for three days with 2,4-D and the expression 
of the SERK gene. Northern hybridization never gave any signal after hybridization with SERK 
cDNA probes, not even after protonged exposure in a Phosphorimager, in line with tiie 
extremely restricted expression pattern of the SERK gene. 

Expression of the SERK gene corresponds with the occurrence of competerrt cells in 
established embryogenlc cell cultures 

While the results described so far indicate that competent and embryogenlc cell formation is 
restricted to a particular class of enlarged ceils during explant activation, the situation in an 
established embryogenic cell culture is more complex. Competent single cells in such cultures 
do not appear to belong to one cell type in particular, but have been shown to originate from all 
morphologically different cell types. In cell tracking experiments, embryogenic cells, that do not 
require exogenous auxin treatment, were never obsen/ed to be single but consisted of clusters 
of at least 3-4 ceils (Toonen et al. 1994). SERK expression was found in alt morphologically 
discernible single cell types that were present in an embryogenic cell culture at a frequerK:y 
between 0.1 and 0.5% depending on the cell type. In non-embryogenic cultures, SERK 
expressing cells were never encountered. As was obsen^ed in the activated explants, SERK 
expression was not restricted to single cells, but also occurred in small dusters of 2 to 16 cells. 
Since clusters of this size are known to consist of embryogento cells, these data show that 
SERK expression is not restricted to competent single cells, but may persist in small clusters of 
embryogenic cells. No SERK expression was encountered during the late globular, heart and 
torpedo-stages of somatic embryogenesis. 
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The SERK gene is trans! ntly expressed in zygotic embryogenesis 
The expression of the SERK gene in carrot plants was detennined by RT-PCR. The results 
* indicate that no SERK mRNA accumulates in any of the adult plant organs nor in tlowers prior to 
poHination. The first occasion when SERK expression can be detected is in flowers at three days 
after pollination (DAP), at which stage fertilization has taken place and endosperm development 
has commenced. SERK mRNA remains present in flowers up to twenty DAP, corresponding 
with the early globular stage of the zygotic embryo (Yeung et al. 1996). Whple mount in situ 
hybridization on partially dissected canot seeds confimied that the SERK gene was only 
expressed in early embryos up to the globular stage. Expression was obsen^ed in the entire 
embryo including the suspensor. No expression was seen in seedlings, roots, stems, leaves, 
developing and mature flower organs, pollen grains and stigma's before and after fertilization. 
Tissues in the developing seed such as seed coat, integuments, all embryo sac constituents 
before fertilization as well as the endosperm at all stages of development investigated did not 
show any SERK expression. Later stages of canot zygotic embryos were also completely devoid 
of SERK mRNA. Given this pattern of expression, that is restricted to the zygotic embryo, the 
signal as detected by RT-PCR in flowers at 3 and 7 DAP must come from SERK mRNA as 
present in zygotes, because in carrot the zygote remains undivided up to one week after 
pollination (Yeung et al. 1996). Although SERK expression persists to slightly later stages in 
zygotic globular embryos when compared to the somatic ones, these results confirm the 
transient pattern of expression as observed for the SERK gene during somatic embryogenesis 
and also imply that there is a conespondence between the formation of competent celts in vitro 
and the formation of the zygote in vivo. 



METHODS 

Cell culture, hypocotyl explant induction and cell tracking 

Cell cultures were derived from Daucus carota cv. Rakkese and maintained as previously 
described (De Vries et al, 198Ba). CeO suspension cultures were maintained at high cell density 
in B5 medium (Gamborg et al, 1968) supplemented 2 mM 2,4-D (B5-2 medium). Embryo 
cultures with globular, heart and torpedo-stage somatic err^ryos were derived from <30 mm 
sieved cell cultures cultured at tow cell density (100 000 cells / ml) in B5 medium without 2,4-D 
(B5-0). For hypocotyl explant induction experiments, plantlets were obtained from seed of 
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Daucus carota cv. S Vial ly as described previously (Guzzo et al, 1994). The hypocotyls of one 
week old plantlets were divided in segments of 3-5 mm, incubated for various periods of time in 
B5-2 medium and returned to B5-0 medium. Seven days after explantation and exposure to 2,4- 
D the hypocotyl segments were fragmented on a 170 mm sieve and the resulting cells collected 
to form a fine cell suspension. Immobilization of these cells in B5-0*2 medium was perfomried in 
a thin layer of phytagel (Toonen et aL 1994). After one week of further culture 2,4-D was 
removed by washing the plates with B5-0 medium. This allowed embryos to develop beyond the 
gtobutar stage. Recording the development of the immobilized cells was performed with a 
procedure modified from the prevk>usly described by Toonen et aL (1994). The main change 
involved a new MicroScan program for automatic S^axis movement to scan all cells in the 
phytagel (Toonen et al. 1 996). 

Nucleic acid isolation and analysis 

RNA was isolated from cultured cells and plant tissues as described by De Vries et aL (1988b). 
Poly(A)''-RNA was obtained by purification by oligo (dT) cellulose (Biolabs). For RNA gel blot 
analysis samples of 10 mg total RNA were electrophoresed on formamide gel, and transfen^d to 
nytran-plus membranes. For RNA spot-blot analysis 5 mg of total RNA was denatured and 
spotted onto nytrarviDlus filters using a hybridot manifold (BRL). 

Genomic DNA was isolated according to Stert< et al. (1991). Samples of 10 mg genomic DNA 
were digested with different restriction enzymes and separated on agarose gel. and transferred 
to nytran-plus membrane (Schleicher & Schuell). Hybridization of RNA blots took place at 42"C 
in hybridization buffer containing 50% formamide. 6xSSC, SxDenhardt, 0:5% SDS and 0.1 
mg/ml salm sperm DNA. Hybridization of DNA blots was performed as previously described 
(Stertc et al. 1991). Following hybridization, filters were washed under stringent conditions (3x20 
min in 0.1% SSC, 1% SDS, at 65X). Filters were exposed to Kodak X-Omat AR film. The 
integrity and the amount of RNA on the blots was confirmed by hybridization with an 18S 
ribosomal RNA probe. Nudeotkle sequence analysis was performed on an ABI 373A automated 
DNA sequencer (Applied Bbsystem). 

Screening procedures 

Two independent cDNA libraries were constructed with equal amounts f poly(A)^-RNA from 
toteil established cell cultures grown for six days in B5-2 medium, sieved <1 25 mm cell cultures 
grown for six days in B5-0 medium and sieved <30 mm cell cultures grown for six days in B5-0 
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medium. cDNA synthesis and ctoning into the Uni-ZAP^" XR vector was perfomied according to 
the manufacturers protocol (Stratagene). 

Differential screening of the cDNA libraries was performed essentially as descrit>ed by Scott ef 
a/. (1991). RNA was isolated from either three embryogenic or three non-embryogenic cell 
cultures, that were grown for seven days In B5-2 after sieving through 30 mm mesh. First strand 
cDNA synthesis was performed on 4 mg total RNA using AMV reverse transcriptase (Gibco 
BRL). [^PJdATP labeled probes were prepared using random prime labeling on first strand 
cDNA. Pooled probes from embryogenic and non-embryogenic cell populations were hybridized 
to two pairs of nitrocellulose filters, each containing 1000 plaques from one cDNA library. After 
washing for 3x20 min in 0.1% SSC, 1% SDS at SS^'C. hybridization was visualized by 
autoradiography for two days on Kodak X-omatic film. Plaques that only showed signal with the 
embryogenic transcript probe were purified by two further rounds of screening. 

In order to identify cDNA clones which are expressed at low levels in the <30 mm sieved cell 
population, cold plaque screening was performed as described by Hodge etaL <1992). Plaques 
from the differential screening that did not show any signal after seven days of autoradiography 
were purified by two further rounds of screening. The resulting clones were used as probes for 
characterization of the expression pattern of the corresponding genes. 

Drfferentiai Display RT-PCR 

Differential display of mRNA was perfomied essentially as described by Liang and Pardee 
(1992). cDNA synthesis took place by annealing 1 mg of total RNA in 10 ml buffer containing 
200 mM KCl, 10 mM Tris-HCI (pH 8.3), and 1 mM EDTA with 100 ng of one of the foltowing 
anchor primers: (5'-N I II N II IIGC-3*), (5'-l 11 1 1 1 M 1 1 ICTG-3'), (5'-l 11 N III I IICA-3*). 
Annealing took place by heating the mix for 3 min. at 83**C followed by incubation for 30 min at 
42**C. Annealing was followed by the addition of 15 ml pre-warmed cDNA buffer containing 16 
mM MgCl2, 24 mM Tris-HCt (pH 8.3), 8 mM DTT. 400 mM dMTP, and 4 Units AMV reverse 
transcriptase (Gibco BRL). cDNA synthesis took place at 42'C for 90 min, Rrst strand cDNA was 
phenol/chiorophorm extracted and precipitated with ethanol using glycogen as a earner. The 
PCR reaction was performed in a reactton volume of 20 ml containing 10% of the synthesized 
cDNA, 100 ng of anchor primer, 20 ng of one of the follownig 10-mer prinrwrs: (5- 
GGGATCTAAG-3*) . (5*-TCAGCAGAGG-3^ (5^^ACATCGTC(>3'), (5*-CCCT^ 
ACACGTGGT(>3*), (5*-GGTGACTGTG-y). 2 mM dNTP, 0.5 UnitTaq enzyme in PCR buffer (10 
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mM Tris-HCI (pH 9.0). 1.5 mM MgCt 50 mM KCI. 0.01% gelatin and 0.1% Triton X100) and 6 
nM [a-^P] dATP (Amersham). PGR parameters were 94^*0 for 30 sec. 40*^0 for 1 min, and 72*0 
for 30 sec for 40 cycles using a Cetus 9600 (Pertdn-Elmer). Amplified and labeled cDNAs were 
separated on a 6% denaturing DNA sequencing gel. Gels were dried without fixation and bands 
were visualized by 16 hours of autoradiography using Kodak X-cmatic film. Bands containing 
differentially expressed cDNA fragments of 150-450 nucleotides were cut out of the gel and 
DNA was extracted from the gel slices by electroelution onto DE*81 paper (Whatmann). After 
washing of the paper in low salt buffer (100 mM LiCb in 10 mM TE buffer), and elution of the 
cDNA in high salt buffer (1 M in 10 mM TE buffer-with 20% ethanol) the cDNA was 
concentrated by precipitation in ethanol using glycogen as earner. Reamplification of the cONA 
fragments using the same PGR cyding parameters as described above but PGR buffer 
containing 2.5 mM of both the 10-mer and the anchor oligo and 100 mM dlSITP. DE-81 paper 
allowed an efficient recovery of the DNA fragments and reamplification generated an average of 
500 ng DNA after 40 cycles. Amplified PGR products were blunt-ended using the Klenow 
fragment of E,coli DNA Polymerase I (Pharmacia), purified on Sephacryl-S200 columns 
(Pharmacia), ligated into a Smal linearized pBluescript vector II SIC (Stratagene) and 
transfonned into E.cdi using electroporation. 

RT-PCR 

Adult plant tissues from Dbucus carota were obtained from S&G Seeds (Enkhuizen). Controlled 
pollination was performed by hand. Flower tissue RNA was obtained from three compete umbels 
for each time-point and contained all flower organs including pollen grains. 2 mg of total RNA 
from adult plant tissue or cell cultures was annealed at 42''C with 50 ng oligo (5** 
TCTTGGACCAGATAATTC-3') in 10 ml annealing buffer (250 mM KCI, 10 mM Tris-HCI pH 8.3, 
1 mM EDTA). After 30 min. annealing, 1 unit AMV-reverse transcriptase was added in a volume 
of 15 ml cDNA buffer (24 mM Tris-HO pH 8.3, 16 mM MgCt 8 mM DTT. 0.4 mM dffTP). The 
reverse transcription reaction took place for 90 min. at 42*'G. PCR amprrficatk)n of SERK-cDNA 
was canied out with two specifk: oSgos for the SERK kinase domain, (5- 
CTCTGATGACTTTCCAGTC-3*) and (5*-AATQGCATTrGCATGQ-3'). Ampliffeation was canied 
out with 30 cycles of 30 sea at 94**C. annealing at 54*'C for 30 sec. and extension at 72"C for 1 
min., followed by a final extension for 10 min.at 72''C. 
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Whole mount in situ hybridization 

Whole mount in situ hybridizations were perfomfied essentially as previously described (Engler et 
al. 1994). Cell cultures and somatic embryos were immobilized on poly-L-iysine coated glasses 
during fixation to improve handling. Whole mount in situ hybridization on explants took place by 
embedding hypocotyls from seven-days old plantiets in 3% Seaplaque agarose (Duchefa) and 
processing them in Eppendorf tubes. Transverse as well as longitudinal sections were made 
with a vibrotome (Biorad Microcut). Sections of 50-170 mm thick were incubated in B5-2 medium 
for a minimum of three days to induce formation of embryo-forming cells. Optimal induction was 
achieved with longitudinal hypocotyl sections with a thickness of at least 90 mm. To obtain 
proliferating, non-embryogenic cell cultures, hypocotyl sections were exposed to 2.4-D for only 1 
day, and subsequently transferred to B5-0 medium (Guzzo et al, 1994). Whole mount in situ 
hybridization on devetoping seeds was performed by removing the chalazal end of the seeds to 
allow easier probe penetration. After hybridization, the enveloping layers of integuments and 
endosperm were carefully removed to expose the developing embryos. In situ hybridization on 
sections was performed as described previously (Steric et al. 1991) except for the use of non- 
radioactive probes. 

All samples were fixed for 60 min. in PBS containing 70 mM EGTA. 4% paraformaldehyde, 
0.25% glutaraldehyde. 0.1% Tween 20, and 10% DMSO. Samples were then washed, treated 
with proteinase K for 10 min. again washed and fixed a second time. Hybridization solution 
consisted of PBS containing 0.1% Tween 20. 330 mM NaCI. 50 mg/ml heparin, and 50% 
deionized formamide. Hybridization took place for 16 hours at 42''C using digoxigenin-labeled 
sense or antisense riboprobes (Boehringer Mannheim). After washing the cells were treated with 
RNaseA, and incubated with anti-digoxigenin-alkaline phosphatase conjugate (Boehringer 
Mannheim) which had been preabsoriDed with a plant protein extract Excess antibody was 
removed by washing followed by rinsing in staining buffer (100 mM Tris-HCI pH 9.5. 100 mM 
MaCl, 5 mM MgC^, 1 mM levamisole) and the staining reaction was performed for 16 hours in a 
buffer containing NBT and BCIP Observations were performed using a Nikon Optiphot 
microscope equipped with Nomarski optics. 

Autophosphorylation assay 

A 1.4 kB Sspl cDNA fragment of the SERK cDNA encoding most of the open reading frame 
apart from the N-temriinal three LRRs was cloned into the pGEX expression vector (Pharmacia). 
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A fusion protein consisting of SERK and the glutathione S-transf rase gene product was 
synthesized by a three hours induction of transformed £co// with 2 mM IPTG. Fusion protein 
was isolated and purified as descn*bed previously (Horn and Walker. 1994). Purified fusion 
protein was coupled to glutathione agarose beads (Sigma) and incubated for 20 min. at 20°C in 
a volume of 10 ml buffer 50 mM Hepes (pH 7.6). 10 mM MgCb, 10 mM MnCk, 1 mM DTT. 1 
mCi ly -^P] (3 000 Ci/mmol) . Excess label was removed by washing the fusion 
pnotein/glutatione agarose beads three times for 5 min. in 50 mM Tris-HCI (pH 7.3). 10 mM 
MgCb at 4**C. Protein was removed from the beads by cooking in SDS-PAGE loading buffer. 
Equal amounts of protein were separated by SDS-PAGE and^ protein autophosphoryiation was 
visualized by autoradiography. 

SERK fusion proteins oroduced with the Baculovirus expression system. 

Further fusion proteins containing the intracellular part of the Daucus carota SERK protein 
(1.0 kB Hindlll / Sspl fragment of the carrot SERK cDNA clone 31-50) were made using the 
baculorvirus vector pAcHLT. 

In vitro phosphorylation studies with this purified protein showed that most rf not alt of the 
autophosphoryiation of this SERK fusion protein was at threonine residues (Figure 6) 

Construction of viral transfer vectors 

The pAcHLT-B and pAcHLT-C baculovirus transfer vectors were used for the cloning of two 
cDNA fragments of the carrot SERK gene. The Sspl 1.41 kB fragment of carrot DcSERK 
cDNA was cloned into the Smal site of pAcHLT-B and the Sspl / Pvull 1 .07 kB fragment of 
carrot DcSERK cDNA was cloned into the Smal site of pAcHLT-C. The first construct 
contains the complete C-terminal part of the DcSERK protein and from the putative 
extracellular region the proline-rich region and three of the lecuine-rich repeats. The second 
construct contains only the putative intracellular region of the DcSERK gene product. 
Nucleotide sequence analysis was performed in order to confirm the presence and the 
orientation of the DcSERK cDNA within the vector. 

Transfomnation of Insect cells 

The resulting transfer vectors were used to transfect (lipofect) Insect cell culture Sf21 from 
Spodoptera frugiperda in combination with linearized AcMNPV baculovirus DNA. 
Monolayers of SF21 cells were trahsfected tri 35 mm petridish s containing 2 ml of Hink*s 
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medium. One microgram of linearized AcMNPV baculovims DNA (Baculogold, Invitrogen) 
was added to 5 microgram of pAcHLT / SERK vector construct in 25 microliter of water. 
Rfteen microliter of Lipofectin (BRL) was mixed with 10 microliter of water, after which the 
DNA solution was added. After mixing 200 microliter of Hink's medium was added to the mix 
and the solution was transfen^d to the cell monolayer, from which the medium was 
removed. After one hour. 500 microliter of Hink's medium was added and the cells were 
incubated for anotehr 3 hours. Finally, 1 ml of Hink*s rnedium with 20% foetal bovine serum 
(FBS) was added and the ceils were incubated for 4 days. After transfection. the viral 
infection could be identified by the reduced growth of celte, the swollen shape and the 
enlarged nucleus. After four days, infected cells were harvested and the medium containing 
infectious budded virus was collected and used for plaque assays and amplification of 
recombinant virus stocks. 

Isolation of single recombinant vinjses 

Single recombinant virus plaques were isolated from monolayers of cells infected with a 
titration range of the primairy virus stock. Infections was performed in 35 mm petridishes 
with monolayers of cells. Virus stocks were diluted in 600 microlieter of Graces medium and 
added to the cell monolayer, followed by a 90 minutes incubation period at in Graces 
medium with 20% FBS. Aftenvards, 3% Sea Plaque agarose was autoclaved. mixed with an 
equal amount of 2x Graces medium with 20% FBS and from the resulting agarose overlay 
solution 2 ml. was spread over the cell monolayers after removal of the viral inoculum. After 
4 days of incubation single plaques could be visulalized and purified for further analysis. 

Fusion protein production. 

After determining the titer of purified recombinant viruses, monolayers of Sf21 cells In 75 
cnr>2 flasks were infection with a multiplicity of infection (MOI) of 10. Incubation of cells with 
the vims inoculum was performed for 90 min. after which 8 ml. of Hink's medium with 
10%FBS was added. After 3 days of incubation, cells were harvested and washed twice 
with PBS. Cells were lysed for 45 min on ice in twenty volumes of 1x insect cell lysis buffer 
(10 mM Tris pH 7.5, 130 ml^ NaCI, 1% Triton, 100 mM NaF, 10 mM NaPi, 10 mf^ NaPPi. 
with proteinase inhibitors: 16 mg/1 benzamidine, 10 mg/l phenanthroline, 10 mg/l aprotinin, 
10 mg/l leupeptin, 10 mg/l pepstatin A, 1 mM PMSF). 
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The lysate was cleared by centrifugation at 10.000 g for 30 min and the supernatant was 
batchwise incubated in TALON resin (with high affinity for the 6xHIS tag of the recombinant 
fusion protein). Binding was performed by gentle agitation for 20 min. at room temp. The 
resin was washed three times with lysis buffer, followed by an elution step with lysis buffer 
with 200 mM imidazole. Purified fusion protein was collected and purifty and integrity was 
tested by SDS-PAGE. 

Autophosphorylation assays 

Protein kinase activity was detemined by incubating 1 microgram of purified fusion protein 
for 30 min. at room temp, in a buffer containing 10 mM MgCI2, 10 mM MnCI2, 1 mM DTT 
and 10 pM [gamma-32]ATP (10 5 pm/pmol ATP). The autophosphorylated fusion protein 
was purified after SDS-PAGE from the gel in a buffer containing 50 mM NH4C03. 0.1% 
SDS, 0.25% beta-mercaptoethanol. Protein was precipitated with 20 pg/ml BSA and 20% 
(w/v) solid trichloroacetic acid. The precipitate was collected after centrifugation, hydrolysed 
in 50 pi 6N HCI for 1 hour at 120 degrees Celcius. HCI was subsequently removed by 
lyophilization and the pellet was resuspended in a buffer consiting of 2.2% formic acid and 
7.8% acetic acid. Hydrolysed protein was loaded onto cellulose thin layer chromatography 
plates together with control amino acid samples (phosphoserine, phosphothreonine, 
phosphotyrosine). Chromatography was performed in a buffer containing propionic acid: 1 M 
ammonium hydroxide: isopropyl alcohol (90:35:35 v/v/v). After separation and drying of the 
plates, the separated amino-acids were visualized by spraying with 0.25% ninhydrin in 
aceton, followed by heating for 5 min. at 65 degrees Celcius. Plates were aftenvards 
exposed to Phospho Imager casettes in order to detect the phospho-labeled aminoacids. 

SERK antibodies 

Purified fusion proteins (10 pg) were mixed in complete Freund adjuvant and injected IP 
into BALBc mice. After 4 weeks booster antigen was injected (10 pg purified fusion protein 
in tmcomplete Freund adjuvant). Two weeks later a final booster was injected. One week 
after the final booster, serum was collected from these mice. The specificity and the titer of 
the resulting sera was tested on Western blots using total insect cell extracts with or without 
the SERK fusion proteins. 
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INTRODUCTION OF THE SERK GENE INTO PLANTA AND THE PRODUCTION OF 
APOMICTIC SEED 

Carrot transformation with a SERK promoter fraa ment/luciferase oene fusion 
The binary vector pMTSOO is based on the pBIN19 vector (Sevan, 1984) and contains the 
firefly luciferase gene downstream of a polylinker containing 5 unique restriction sites was 
created by uni-directional ligation of the firefly luciferase coding region followed by the 
poiyadenylation sequence from the pea rbcS::E9 gene in the W/ndlll-X6al site of the binary 
vector pMOGSOO (kindly provided by Mogen N.V.. Leiden. The Netherlands). The binary 
vector pMOGSOO is based upon pBIN19 (Sevan, 1984) but while in pBIN19 the polylinker is 
flanked by the left border and the neomycin phosphotransferase (NPT II) expression 
cassette, the polylinker in pMOGSOO is flanked by the right border and the NPT II 
expression cassette. From a genomic lambda clone, transcription regulating sequences 
from the carrot SERK gene were isolated by digestion with W/ndlll and Oral (SEQ ID No. 1), 
and cloned into the Hindi 1 1 / Smal sites of pBluescript SK+. From the resulting vector a Kpnl 
/ Ssll fragment containing the SERK genomic DNA was isolated and cloned into the Kpnl / 
SstI sites of the binary vector pMTSOO. The resulting DNA construct, pl^531 , contained the 
2200 bp genomic SERK DNA fragment as promoter sequence, the luciferase gene as vital 
reporter, and the E9 transcription terminator sequence. 

The binary vector pMT531 was transformed by electroporation into Agrvbacterium 
tumefaciences strains MOG101 and MOG301 (for transformation into carrot cells) and into 
Agrobactehum tumefaciences strain C58C1 (for transformation into Arabidipsis thaliana 
plants). Transformed colonies were selected on LB plates with lOOmg/l kanamycin. 

Transfomiation of carrot cells 

The firefly luciferase coding sequence under control of the genomic carrot Hindlll / Oral 
2200 bp DNA fragment was Introduced into can-ot cells by Agrvbacterium tumefaciens 
mediated transformation of hypocotyi segments. Transformation of Daucus carota cv. 
•Amsterdamse bak' was perfomied by slicing one week old dark grown seedlings Into 
segments of 10 to 20 mm. Segments were incubated for 20 minutes in a freshly prepared 
10 fold diluted overnight culture of Agmbacterium.. The segments were dried and 
transferred to a modified Gamborgs B5 medium (PI medium; S&G seeds, Enkhulzen. The 
Netherlands) supplemented with 2 pM 2,4-D (P1-2) and solidified with agar (Difco, Detroit, 
Mi, USA ). After two days of culture in the dark at 25 ± 0.5 .Crsegments w re trahsfeixed to 
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solidified P1-2 medium supplemented with kanamycin (100 mg -I" carbeniciilin (500 mg l" 
1 ; Duchefa) and vancomycin (100 mg r"*; Duchefa). After three weeks segments were 
transferred to fresh plates and transformed call! were selected after an additional three 
weeks. Transformed calli were grown on PI -2 plates with antibiotics for 3 weeks at a 16 
hour light/8 hour darkness regime. Transformed embryogenic suspension cultures were 
initiated as described by transfening 02. g callus to 10 ml liquid PI -2 medium 
supplemented with 200 mg-f** kanamycin, 250 mg^r^ carl)enicillin and 50 mg-lO 
vancomycin. During the first weeks 1 to 3 volumes of fresh medium were added to the 
culture at weekly intervals. After 5 to 7 weeks cultures were subcuttured to a packed cell 
volume of 2 ml per 50 ml medium every two weeks and incubated at a 16 hour light / 8 hour 
darkness regime at 25 ± 0.5 ""C. 

One week after transfer to kanamycin selection medium, hypocotyl segments were sprayed 
with iuciferin to test whether luciferase expression could be detected in transformed callus 
shortly after transformation. A large number of hypocotyl segments showed luciferase 
activity at the cut edges, but did not develop calli. Instead, growth of bacteria occurred, 
suggesting that the ludferase activity was of bacterial origin. Six to ten weeks after 
transformation, calli were obtained that showed luciferase activity in variable amounts, while 
no bacterial growth could be observed anymore. After 12 weeks, calli measuring 5 to 10 
mm in diameter were used to start suspension cultures. At this time no bacterial 
contamination was observed. A control transformation experiment in which luciferase 
expression under influence of the CaMV 35S promoter was observed in single cells and cell 
clusters in the suspension culture demonstrating that the luciferase protein is active in 
Caucus carotB suspension cultured cells. 

Cell immobilisation 

One-week old high-density (10^ - 10^ cells ml*'' ) suspension cultures were sieved through 
nylon sieves with successive 300, 125, 50 and 30 pm pore sizes (Monodur-PES; Verseidag 
Techfab, Walbeck, Germany). Single cells and cell dusters passing the last sieve are 
designated as < 30 pm populations. Control experiments with untransformed cells were 
performed with Daucus carota cv. Trophy* (S&G seeds) suspension cultures grown in PI -2 
medium. Size fractionated cell populations smaller then 30 pm were immobilised In phytagel 
(P8196; Sigma, St Louis, Mo, USA) in petriperm dishes (Heraeus, Hanau, Germany). Th 
bottorn layer consisted.of 1 ml P1-0 medium with 5 mM Ga 2+ and 0.2 % phytagel. Two 
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hundred thousand cells (< 30 pm and < 50 pm populations) in B5-0 medium without Ca 2+ 
supplemented with 0.1 % phytagel were poured on top of the bottom layer. For this layer B5 
was applied since, at room temperature, phytagel solidified in PI medium without Ca 2+. 
After 2 hours of solidification an additional P1-0 layer with 0.2 % phytagel was poured onto 
the cell layer preventing the B5 layer to move. To prevent dehydration of the phytagel layers 
and to supply luciferin to the cells. 0.5 ml P1*0 medium containing 0.05 \sM luciferin 
(Promega, (Madison, Wi. USA) was added after solidification. The final luciferin 
concentration in the culture was 0.02 pM. Luciferin detection on single cells was determined 
with a CCD camera for a period of 5 times one hour (Schmidt et al. (1997) Development 
124: 2049-2062). After 7 days of culture, luciferin was removed from the cultures by 
extensive washing with Pi -0 medium. 



>^fat>/rfoDs/s transformation with a SERK promoter fraament/luc'tferase gene fusion 

Wildtype WS plants were grown under standard long day conditions: 16 hours tight and 8 
hours dark. 

The first emerging influorescense was removed in order to increase the 

number of inftuorescenses. Five days later/plants were ready for vacuum infiltration. 

Agrobacterium strain C58C1 containing the transformation plasmid was grown on a LB 
plate with 50 mg/l kanamycin, 50 mg/l rifampicin and 25 mg/l gentamycin. A single colony 
was used to inoculate 500 ml of LB medium containing 50 mg/l kanamycin, 50 mg/l 
rifampicin and 25 mg/l gentamycin. The cultures were grown O/N at 28 degrees Celcius and 
the resulting tog phase culture (OD600 0.8) was centrifuged to pellet the cells and 
resuspended in 150 ml of infiltration medium (0.5x MS medium (pH 5.7) with 5% sucrose 
and 10 pl/l benzylamtnopurine). The inflorescenses of 6 Arabidopsis plants are submerged 
in the infiltration suspension while he remaining parts of the plants (which are still potted) 
are placed upside down on meshed wire to avoid contact with the infiltration suspension. 

Vacuum is applied to the whole set-up for 10 min. at 50 kPa. Plants are directly afterwards 
placed under standard long day condtttons. After completed seed setting the seeds were 
surface sterilized by a 1% sodium hypochlorite soak, then thoroughly washed with sterile 
water and plated onto petridishes with 0.5xMS medium and 80 mg/l kanamycin in order to 
select for transformed seeds. After 5 days gemnination under long day conditions (10.000 
lux), the transfonmed seedlings could be identified by their green color of their cotyledons 



wo 97/43427 



-34- 



PCT/EP97/02443 



(the untransformed seedlings turn y How), and were further grown in soil under C1 lab 
conditions under long day conditions. This vacuum infiltration method resulted in 
approximately 0.1% transformed seeds. 

Transfomnation of a construct containing both a gene encoding kanamycin resistance and 
the 2200 bp (Hindlll / Oral) SERK genomic DNA fused to the firefly luciferase gene into 
Arabidopsis thaliana (WS) by vacuum infiltration resulted in six different kanamydn-resistent 
primary transformants {I. II, III, IV, V and VI). Plants IV and VI died at the seedling stage, 
although they were kanamycin resistant. A 12 generation could be obtained from the four 
plants I, II, III and V (Figure 4). Within the siliques of the T2 generation of plants no. Ill and 
V, an early inhibition in development could be observed in appoximatetely 25*50 % of the 
seeds. The plants I and II did not show a reduction in the number of developing 
seeds.(Figure 5). Similar results were observed in a T3 generation, in which again 
approximately 25-50% of the seeds showed an early inhibition of normal seed development. 

Arab/dops/s transformation with a AtSERK oene 

Isolation of the AtSERK genomic and cDNA clones 

Using the DcSERK cDNA sequence (seq ID no. 2) as a probe, a lambda ZipLox genomic 
library made form Arabidopsis Landsberg erecta total genomic DNA is screened for the 
presence of homologous sequences. Three different lambda clones with inserts of 14, 18 
and 20 kb respectively are obtained. The 14 kb clone is digested by EcoRI and the resulting 
fragments subcioned into pBluescript vectors. Fragments spanning the entire coding 
sequence of the AtSERK gene are isolated, sequenced and compared with the Daucus 
homologues. The resulting sequence is shown as SEQ ID NO: 20. 

Using the DcSERK cDNA sequence (SEQ ID NO: 2) as a probe, a lambda ZAPII cDNA 
library is screened for the presence of homologous sequences* Four lambda clones are 
obtained and their inserts subcioned into pBluescript vectors using the helper phage 
excision procedure. Fragments spanning the entire AtSERK cDNA coding sequence of the 
AtSERK gene are Isolated, sequenced and compared with the Daucus homologues. The 
resulting sequence is shown as SEQ ID NO: 32. 
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Plasmids containing promoter sequences 

^ Arabidopsis thaliana LTP1 promoter fragment is obtained from the binary plasmid pUhHOOO 
(Thoma. S.. Hecht, U„ Kipper, A., Borella, J., De Vries. S.C., Sommen^ille. C. (1994) Plant 
Physiol. 105. 35-45) by digestion with BamHI and W/ndlll and cloning into pBluescript SK' 
(pMT121). 

- The CaMV 35S promoter enhanced by duplication of the -343 to -90 region (Kay et aL, 
(1987) Science 236: 1299-1302) is isolated from the pMON999 vector by digestion with 
H/ndlll and SstI and cloned into the pBluescript SK' vector (pMT120). 

- The promoter AtDMCI (Klimyuk and Jones (1 997) Plant Journal 11:1-14). 

Plasmid SLJ 9691 is a construct consisting of pBluescript SK+ in which the Arabidopsis 
thaliana DMC1 genomic clone (accession number U76670) is cloned into the EcoRV site. 
SU 9691 carries EcoRV fragments of the 5* end of the AtDMCI gene with the following 
modification: a Bglll site instead of the second Hpal site, two ATG codons in the first exon 
and an Xhol site at the ATG codon of the second exon. 

- The FBP7 promoter from Petunia (Angenent et al. (1 995) Plant Cell 7: 1569-1582). 

The promoter of the FBP7 gene is cloned by subcloning the 0.6 kb HindlW -Xbal genomic 
DNA fragment of FBP7 into the H/ndlll -Xbal site of pBluescript KS-, resulting in the vector 
FBP201. 

The pAtSERK binary vector constructs. 

Based on the pBIN 19 vector, a binary vector pAtSERK is constructed for transformation of 
the Arabidopsis thaliana SERK cDNA under the control of different promoters. 

The full length Arabidopsis thaliana cDNA done of SERK (Seq ID No. NEW) is obtained 
from a pBluescript SK- plasmid. A Smal - Kpnl 2.1 id3 fragment containing the AtSERK 
cDNA is cloned into pBIN19 Smal - Kpnl. The polyadenylation sequence from the pea 
rbcS::E9 gene (Millar et a!., 1992), Plant Cell 4: 1075-1087) is placed downstream from the 
AtSERK cDNA by cloning a Klenow-filled EcoRI - Hindlll E9 DNA fragment into the Klenow- 
filled Xmal site of the pBIN19:AtSERK vector in order to generate the binary vector 
pAtSERK: 
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Construction of plant expression vectors 

The pAtSERK binary vector is used to generate the following promoter-AtSERK constructs. 

- The AtLTPI promoter is cloned in the Smal site of the pAtSERK binary vector as a 
Klenow-filled Kpn\'Sst\ DNA fragment to give the pAtLTPI AtSERK vector. 

- The Caf^V 35S promoter is cloned in the Smal site of the pAtSERK binary vector as a 
Klenow-filled Kpn\-Sst\ fragment to give the p35SAtSERK vector. 

- The AtDMCI promoter consisting of the Bglll - Xhol 3.3kB fragment from the clone SU 
9691 is filled in with Klenow and cloned into the Smal site of the pAtSERK binary vector to 
give the pAtDMCI AtSERK vector. 

- A Sacl-Kpnl fragment of FBP2101 is filled in with Klenow and cloned into the Smal site of 
the pAtSERK binary vector to give the pFBP21 01 AtSERK vector. 

Introduction of plant expression vectors into Arabidopsis thaliana plant cells 

The above described vector constructs (pAtLTPI AtSERK. p35SAtSERK, pAtDMCI AtSERK. 
pFBP21 01 AtSERK) have been etectrotransformed into Agrobacterium tumifacienses strain 
C58C1 as known in the art. 

Wild type Arabidopsis thaliana WS plants are grown under standard long day conditions: 16 
hours light and 8 hours dark. 

The first emerging inflorescence is removed in order to increase the 
number of influorescences. Five days later, plants are ready for vacuum infiltration. 
Agrobacterium strain C58C1 containing the transformation ptasmid (the pAtLTPI AtSERK 
vector or the p35SAtSERK or the pAtDMCI AtSERK vector or the pFBP21 01 AtSERK 
vector) is grown on a LB plate with 50 mg/l kanamycin, 50 mg/l rifampicin and 25 mg/l 
gentamycin. A single colony is used to inoculate 500 ml of LB medium containing 50 mg/l 
kanamycin, 50 mg/l rifampicin and 25 mg/l gentamycin. The cultures are grown 0/N at 28 
degrees Celsius and the resulting log phase culture (OD600 0.8) is centrifuged to pellet the 
ceils and resuspended in 150 ml of infiltration medium (0.5x MS medium (pH 5.7) with 5% 
sucrose and 1 mg/l benzylaminopurine). The inflorescences of 6 Arabidopsis plants are 
submerged in the infiltration suspension white the remaining parts of the plants (which are 
still potted) are placed upside down on meshed wire to avoid rontact with the infiltration 
susp nsion. 
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Vacuum is applied to the whole set-up for 10 min. at 50 kPa. Plants are directly afterwards 
placed under standard long day conditions. After completed seed setting the seeds are 
surface sterilized by a 1% sodium hypochlorite soak, then thoroughly Ished with sterile 
water and plated onto petridishes with O.SxMS medium and 80 mg/l kanamycin in order to 
select for transtonmed seeds. After 5 days germination under long day conditions (10.000 
lux), the transfomied seedlings could be identified by their green colour of their cotyledons 
(the untransformed seedlings turn yellow), and are further grown in soil under long day 
conditions. This vacuum infiltration method resulted in approximately 0.1 7o transformed 
seeds. \ 

Expression of SERK sequences in AtBbtdopsis thaliana plant cells 

The inflorescen* es from transgenic and not transgenic Arabidopsis thaliana plants are 
analysed by Whole mount in situ hybridisation analysis with AtSERK cDNA as probe. The 
Inflorescences in different stages of development are fixed for 60 min. in PBS containing 70 
mM EGTA, 4% paraformaldehyde. 0.25% glutaraldehyde. 0.1 7o Tween 20. and 10% DMSO. 
Samples are then washed, treated with proteinase K for 10 min. again washed and fixed a 
second time. Hybridisation solution consisted of PBS containing 0.1% Tween 20. 330 mM NaCI. 
50 mg/ml heparin, and 50% deionized formamide. Hybridisation took place for 16 hours at 42*^0 
using digoxigenin-labeled sense or antisense riboprobes (Boehringer Mannheim). After washing, 
the cells are treated with RNaseA and incubated with anti-digoxigenin-alkaline phosphatase 
conjugate (Boehringer Mannheim) which had been preabsorbed with a plant protein extract 
Excess antibody is removed by washing followed by rinsing in staining buffer (100 mM Tris-HCI 
pH 9.5. 100 mM NaCI, 5 mM MgCl2. 1 mM levamisole) and the staining reaction is performed for 
16 hours in a buffer containing NBT and BCIP. Observations are perfomied using a Nikon 
Optiphot microscope equipped with Nomarski optics. 

The transformed plants show ectopic expression of SERK in the vicinity of the embryo sac. 



wo 97/43427 



-38- 



PCT/EP97/02443 



SEQUENCE LISn^MS 



(1) GENERAL INFORMATICS: 

(i) APPLXCfiNT: 

(A) NAME: NDVAPTIS AG 

(6) sn^EET: Schwarzwaldallee 215 

(C) CTIY: Basel ^ 

(E) COCNIRY: Switzerland 

{F) POSTAL CODE (ZIP) : 4058 

(G) TELEPHONE: +41 61 69 11 11 ^ 

(H) TELEFAX: + 41 61 696 79 76 

(I) TELEX: 962 991 

(ii) TITLE OF INVENnCN: Iirprovemsnts in or relating to organic 
CGcpounds 

(iii) NUMBER OF SEQUENCES: 33 

(iv) CCMPOTER READABLE FORM: 

(A) MEDIUM T^fPE: Floppy disk 

(B) OCMPOTER: IBM PC canpatible 

(C) 0PERATIN3 SYSTEM: PC-DOS/MS-DOS 

(D) SOPIWARE: PatentIn Release #1.0, Version #1.25 (EPO) 



(2) INPORMATICN FOR SBQ ID NO: 1: 

(i) SBQCEIICE OiAHACISIlISTICS: 

(A) 6695 base pairs 

(6) TTFE: nucleic SLcid 

(C) STRANDEIKESS: double 

(D) TOPOLOGY: imloiCMn 
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(ii) MDLBCDLE TYPE: (genonic) 
(iii) HYPOTHETICAL: NO 



(iii) AOTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Daucus carota 



(ix) FEATORE: 

(A) NAME/KEY: CDS 

(B) LOCATICN: 3696.. 6617 



(ix) FEATURE: 

(A) NAME/KEY: intron 

(B) LOCATIOJ: 3731.. 3802 



(ix) FEATURE: 

(A) NAME/KEY: intron 

(B) LOCATICN: 3851. .3979 



(ix) FEATURE: 

(A) NAME/KEY: intron 

(B) LOCATICN: 4124.. 4211 



(ix) FEATURE: 

(A) NAME/KEY: intron 

(B) LOCATICN: 4284.. 4357 



(ix) FEATURE: 

(A) NAME/KEY: intron 

(B) LOCATION: 4430.. 4528 



FEATURE: 

(A) NAME/KEY: 

(B) LOCATICN: 



intrtm 
4642.. 4757 
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(ix) 



FEMURE: 



(A) NAME/KEy: 



intron 



(B) LOCATICN: 



4890.. 4967 



(ix) 



FEATORE: 



(A) I©^JE/KEy: 



intron 



(B) LOCATION: 



5295.. 5803 



(ix) FEATURE: 

(A) NAME/KElf: intron ^ 

(B) LOCATICW: 6197.. 6339 

(xi) SEQUENCE DESCRIPnCN: SEQ ID ND: 1: 
TCTAGAIGAC GAAATCGCGC TACCriTGAT TTOGAAAIAC TAGOTIOTAG TATCTIGArT 

ACTmrroG atatcttqct GnAATrrcir taggagatoc AAACGcncrr cArmAXAT 

QAGCCCrTGT GACITCACAA AACTATCIAG CATCTCTIGAT CACGAGCTAG CTAAAAAGrTA 
GCGTGTTTGA TTAAGCACAT AATATICTAT TOGQCCTATT GQCTATCAAT GAAGTITGAT 
GCAAGTTATAT AGCnCTATT ATGCATGrTGA TGAGGGTEATA TAAAAGAAGT AAAGAACATT 
CICTCCTAGC ATTCATTTIT CTCTTQCCTA TAGTITAAOGA GTnTGTCAC ACATGADGTr 
GAAACTQGAT CJimC IXy iTC TICCA3X:TAA GTTTGGATrA CCIGA33\GAT GCTCAACITC 
TTOgl CA QCC TTITCITIOC GA lTmO OC AAGACAAGAT TCTmGlTA ATACTEATTO 
C i aa/ruUL ' TTOIGIGCAT TmOQAAIC TEACICIGTr TTTEAATOGA GAAACX3AAAC 
CTACCmTT ri tJIUl^TlV CCrrmTGA TATCACCTGC TTOGAGGCGT TTAGACrrTA 
TCCACCTAAA CEArTCATOr TEACCAGACA AGCTATAOGT TXTATOOOOC CCCCCCG02C 
ACC!rai3GAC AAAAGAAGG3G dGATGAACT GMTEAATOC CnCTTTTATT ATATEACACA 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
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TTGATaCITC ATQGAGCTAA TATCnTQGT TAAATTTCAT GTATATATAT ACCCITCCCT 780 

CTTGrTGATQG CAGrTQGCCCC TOGmTAATT AQCGTACITA ATEATCTCAT GGATACrGTA 840 

TQCITGGCAG ATGATOICAT CS^GATTATAC CAITlWi'iWr GCTCEACAAA ATAAAAAACC 900 

TCTATmiG TTCATCmr TOGTAACAAG TAACTAAITG ATOOGCEATG TTGACAGGCG • 960 

ATOCATTACA CAACITACGA ACTAGCTTGC AAGATCCCAA GAATOICCrrG CAGAGCTQQG 1020 

ATCCAACCXT TGTCAACCCT TGCACATOGT TTCATOIGftC ATCTAACAAT GAAAACAGTC 1080 

TIATAAGAGT GXAGGTCACT TCCCTrATIA ATiTiTiTAG CAAGTITACGA ATATTEACTC 1140 

AAITGAQCAG ATGriCTCTTT AAATATTTTT CnTAATITC TTAGCTAAGC GC3AGCATCTA 1200 

TCTEAACaTAT CTCTACTSAA TTEAAGACAT AATACAinT TTEAAAAAAT CTATTAGAGT 1260 

GTTmTCCG CACAGCGCAC ATATATCTIT ' mClUJi ' A A TTCAGACAAC CTITCTCCCG 1320 

ACGATAAAAT AATATAAGAT TAACTCCITG AACIAATTTT TlATmrCT TITCrTITIA 1380 

TOTCTITCC AGAAASTTIC TTATOGTCTT TTGTGAAAAG TACATTCTAT GATAATTnT 1440 

TOC3CAACTCA TAaAAATITA TAIAIMTOC ATG?rAGITAT AAGTEAAAAA AAGCITCCTA 1500 

TEAAITCCAA GATAGAQGTT CATTnTATA GnTQGGCAT CCATGAGTTT TTGAAAATGT 1560 

CAGAAATITr GITCACTEAA 'riTiSACTTAC CAALTITXAT QGOGTrCAroC AGTCATCriG 1620 

OGAATOCAGC ATTATCTOGT CAATTOGTIC CICTTGGOCA GTIGAAAAAT TTACAAIACT 1680 

TC?IAAGAOCA TATCACITQG AATQCmAG TJTTIMACA QCACAATOCT TICAAXAICT 1740 

GTTAAAAGTC TGAAAAAGTT GACTTTCTfiG CITCAQCACT TGTIOQGATA ATATCTA3GA 1800 
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AGCACITAAA AGGCTQGGCA ATTrnTICT TATIMnCA AAXAfTTOm ATTGrmCIA 1860 

CmATATCA TAAACIGATT TAACTOCTCA TGATIGCTCT CAGTCCAATC TGCOCTCATT 1920 

AGTCACATNA TAAAATTOGN QQGnTQGACA AAIMAACTT CTmCITAA GGTCCAGAAA 1980 

GAGCACTTAT O^ACCTICTC TAGCGCATAA CGTCACAGrro QGTCAGriCAC GQQCTATCCA 2040 

GirrOGOGAG CTTITAATGA GCACmTTT ACCTTOIOTr TIAAACGTCT GAQGATGnTA 2100 

TTAAMnCTG CATCATTCAG AGmTAAATT AGCACmCA GTTOIATTAT GAATQGTACA 2160 

TGAAAGATAC ATATCTTAAT GITCCTATGC CTGriTTCAAC ATGTCTCTAA TATTCTCITA 2220 

TCTITGTCAT CTTAAAAAro GCACTGATTA AAATCTGAGA AAGGTAGTICT TCCAATAOCA 2280 

TTTCAirerAT ACCAGAGAAT ATCATAATIT TTTTAAATCA TAACTITOQCSC CCTAGAGrTTT 2340 

TCTCAGTATT GGICTATITA TATTTTCCAC CATTTAGAAC TGTGnTCTCA GATGAAAATC 2400 

TTOGACrrCC ACAGAAGATC TTATAGTAAA AGTATICITr AGATCIGAT3 ATCAAAGTTG 2460 

TCATQGnCTG GCCIGTCCCA GAATTTAAAT CAATCCCATC TCACATCTTT C?ITGATCT3A 2520 

CTACTCACro TTAATOSAAG AGrTAACTATT TCTGAATTAA ATOCTITnT Tmi;ni:iT 2580 

CAroCTTAGC GnTATAAAQG TCTAOGTCIG ACraTOGnT TIAACArorr ATAUTlTllaT 2640 

ACTOACAACTT TTAAAGnTC ' ILTlUiTlA C GAATEAAGAA TATATAATAT AAAACGCTIT 2700 

AACmCICT GlOGAAOCjro TTCTEAOCTr TTIMMMA TAIATAGA3A CTCAGACICT 2760 

GCIGGCAATT ATATCTTADG AACTTAOGAG TATACAGAAC TICTAIMTA QCTITCAGAro 2820 

AGTOGCTCTA GTAGAACACC TTAAGCAAGA ACTIAATCAT GAGGmCAA CCirTTAACT 2880 

TTcrmTAG AnrnricAA crmATOGAA aatictaoct catoatogig Gmcrnoc 2940 
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ATAAACTTTC CATATAAGTC CXJirTCITGA OTTmCATO TAAQCTGnTC ACGAGIGATT 3000 

ATIAGCGGTIT CTITCAATAA TCATAATGnG TCTCACmU ATGAGGCCTG TACTTATEAT 3060 

TOCACCTIGC ACTIAACCTT GATCCTCATG TGATCTTGAT TCTCAEACTIC TACTAACOGA 3120 

GrnXSAACATG GnTEATCATS TCTTriGAQG TAACAATOEA QOTrTCftCCT CTGrTCCTrSA 3180 

TATAGGmTA AGQCITOCAC CTCCCACTAG. CCmCGITC TnTATTCAC AGTrCACACA 3240 

CCTACTAGCA CTGriTCACCT CXAGTCTTIT GTCOGCAAAT AGTAAGAAGTT TiViTiCGCA 3300 

TAATAGTCGA TGATCATTTA AGAAATAGTC AATCAAATTA TOSTGTTATr GTCriTICTAC 3360 

TTTQGAATTA AATCACTTGC TGAACATTGT TQCTGriTTAT CXSmCTCAAG GCTITCCCAA 3420 

GGAAGGCGAT TAGTAAGACTT GGQCATCCAA GCQCCTiTAT CTIGAAGGGG CQC3QCX3GCAC 3480 

G TIGTGGATr CrGGGTCrcr ATTAGAGGAC ArrAICEATA TATACIGATT ATTTATTAGA 3540 

ATATAAATCA ACTACTATAT TlTlt ' X ' i ' llj ' l ' AATCTITATA TAGAAATCCC ACTCGTAAAC 3600 

TTGACAAATA CCATTGAAAT AnTCAACCT AATEAATEAG TAGTGTCAQG nTAAATTCA 3660 

AACTCAnTA ATITTACnT AAAAAATAAT TCTATATCAA TOGTCAACAGr ATAAA3ATAT 3720 

TAAATTACAT GTATGrrGTCC CTATATATAG CTGAATGrTCT AATAGACTCC AAGAOGGCTG 3780 

CTCTTACIGC CERGOOCxTOC AQGCAGmCA CIGAIGCTTA CCITSACAAA TATOGGGTIC 3840 

OTATGACATT CTTTOQaCSATC CCTATCACTC GATICCIGTr TIGCIGACOC TCICTTCAAT 3900 

TGMTnCAT TGAICTAGTA TTACTAGTTr TATAAA'TATT CITEAIITGCA ATAATITAAC 3960 

TSGAGTITAA CAATGACAQG GAGCTTEACA GCAATAACAT AAGOGGAOIA AITOCEAGrTG 4020 
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ATCTTQGCSAA TCTCACAAAT TT G C3T G AGCT TQGACCTATA CMGAAXAGC TTCTCTQGAC 4080 

ClOTAOOOGA CACATTAGGA AAGCTTACAA GGCTAAGATT CITCTATGAC TACAAATCIT 4140 

CACTAGrnTT TAACTIAATC CAAmCAIT ATOCTTTCAA GTSATrGMT ATAICACAAA 4200 

TIACIQGATA GGCGTCTCAA CAACAAOTGC CIOTCTQGTC CAATICCAAT GrrCACTGACT 4260 

AA3MTACAA CTCTTCAAGT CCTGTAAGTIA TTCCXSACCIT TCCAGATAGT ' i ' l ' lOTlla ^ I ' lU 4320 

TOGATGTITC AATITI7ATA CTAAATATGT TCATCAGQGA TTEATCAAAC AATCQQCTAT 4380 

CAQGACCACT ACOSGATAAT GGCTCATITT ClTHJiTIA C ACCTATCAGG TITAATCCTA 4440 

GTAATATCIT TAATATTATG GTrCTTACIT CTACIGCGAA AGCEATCATA ATATiTlTlT 4500 

TCTCCTTCAT ATATTATCAC TnOGCAGTT TT3QCAATAA TITCAATTrA ICriGGAOCTC 4560 

TAACraGGAG GCCCTGCCCT GGATCTCCCC CATTnCTCC ACCACCTCOG TICATCCCAC 4620 

CATCAACAGT ACAGCXTO:A GGTSAnTAG TTTITATAIT AATTCCCGTA ATTAAmTA 4680 

TGACTCTAAA AATTGGTCriT AATTTCACCA GnTGOGAATA AA GTA ' iTl ' lC CrTCTTICrC 4740 

TTCTTATrAT TATGAAQGAC AAAATGGTCC CACK3GAGCT ATTQCroOGG GAGTAQCTGC 4800 

TOGTOCTGCT TTACroiTrG CIGCAOCTSC AATOQCMTT GCATOGTrG GC QGAGAAGAAA 4860 

ACaSCGAGAA CATTTCnTC AICTGCCAGG TTAGTCCTGT AAAXAGAXAT CEATTGAAGC 4920 

GCmCTCTC TCTGGACTTT GTmUACTC T CArVParrk ACITCAGCIG AAGAQGACCC 4980 

AGAAGTGCAC CIT3GrCAAC TGAAGAGGIT TICICIQOGA GAATIGCAAG TOGCAAOGGA 5040 

TACrri'JACT A0C A IU.T1U GAAGAGGTOG ATTTOGTAAG GICTAIAAGG GAOSCCITQC 5100 

TCASaXTCA ClTt/lMCAiS TTAAAAQQCT TAAAGAAGAA CGAACACCAG GTQQOGAGCT 5160 
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GCAGTITCAA ACAGAAGTGG AAATOATTAG CATQGCICTG CATCGAAATC TTCTQCXTTCT 5220 

AOGTOGrrnC TGCATGACAC CTACCXSAGCG GCTICTICTA TATCCATACA TQGCTAATCG 5280 

AAGTGnrccG TCArorrrAA gagctiatctc AGrrrACAAir accataactt gocagaagit 5340 

TOirrGAITA AAWOGAAAT ATAACTCCCT ACACTATOIT AAOSTCTTAT AATTTCTGAG 5400 

CAGAOCITAT nOCCATTO: AAGATACCAG TIMTATIGT TnTTCTGTA ATIGATACrG 5460 

GTTATATITC TXTCTTGrrAT TTOGTIAIAT GCAAQGATTT CGAGrTCTAAT AAlTTTATCAA 5520 

ACTQGATGCT ATCrnTAlTC TSCAATIGAA TTCTIGCTIC ATCTCCCAAA ATATATATGA 5580 

TTCAACTTSG AATCATCTTA TAATATACTG TGIAAAGTCA GCTCrTTGACT TiaVTCATIA 5640 

ATTAGTCTIC ATAAATCAGA ATCTQCCTAG TCAGCTTTAC CX3ACATACTC TAAACCTITC 5700 

TIATCGCCCr GTATATAATC GTCCCACTTA CTrrATTCAG nTGTCTCCT CTCTGAATTT 5760 

TTGATCTCTA CATTCTGATG TClTGTTriC A3CAAATC7IA GAGCGTCAGC CATCAGAACC 5820 

TOCCCCTCAT TOGCCAACTA QGGAGAQGAT TOCACTAGGA TCTTCTAGGG GC3CTATCTAA 5880 

ATTGCATGAC CATTOIGATC CCAAGATTAT CCAICGCGAT GTAAAAGCTC CAAATATATT 5940 

ATIQGAOGAA GAATITCAQG CTGTICTAGG TGATTTIGQCS TTAGCTACSGC TCATGGAriA 6000 

CAAGGATACC CATGTEACJGA CIGCICTAAG QOGrrAOCAIT GQGCACATAG CiaXGAGTA 6060 

OCTCTCGACr GGAAAGTICAT CAGAGAAGAC CUAmiLTIT QGnTATOCSGA TA A IG CTOCT 6120 

AGAGCTCArr ACTGGACAGA QQQCTnTSA TCTIGCTCOC CTTOOGAAOG ATGAOGATGrr 6180 

TAIGITGTTG GATTQQCTAT GiaKXXXSQG TGriTCCTTTG C?rTAA!ITArr TCACAIIATTA 6240 
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GTCcmcTA cmuntgm Gcccrrrorr rrrnvKCT occTGriATTr GATTcrrAGrr 630o 

CAroiTAIGC ATATTGACCr GCTTIQCAAT GTCTmCWSG TTAAAAGOCT TTIGAAAGAG 6360 

AAAAAGTTQG AGATQCIGCT CGATOCIGAC CIGCAGAACA ATEACAITGA CACAGAAGTIT 6420 

GAGCAGCTTA TTCAAGTAGC ATEACICTOT AOOCAGGGTT OQCCAATOGA GOQQCCTAAG 6480 

ATGTICAGAQG TACTCCGAAT GCTIGAAGCT GATQGCCITG CAGAAAAGTS GGACGAGTrOG 6540 

CAAAAAGTTG AAGICATCCA TCAAGADGTA GAATTAGCTC CACATOGAAC TICIGAATOG 6600 

ATCCTAGACT OGACAGATAA CITGCAroCT TTTSAATEAT CTOGTCCAAG AEAAACAGCA 6660 

TATAAAATCT AATCAAATTA ATAlTiTlTA 'IXJUVV 6695 
{2) INFORMAnaN FOR SBQ ID NO: 2: 

(i) SBQUEICT: C3IARAL'i'KKISTICS : 

(A) LENGTH: 1815 base pears 

(B) TYPE: nucleic acid 

(C) SIT^ANDEINESS : single 

(D) TOPOLOGY: unknown 

(ii) MXECULE TOPE: cENA 

(iii) HYPOTHETICAL: NO 

(iii) ANTI -SENSE: NO 

(vi) CSUGINAL SOURCE: 

(A) ORGANIC: Daucus carota 

iix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATICN: 94.. 1752 
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(xi) SBQCJEIO: DESCRIPnCN: SEQ ID NO: 2: 

• GACAAATACC ATTGAAATAT TIGAACCTAA TTAATTAGriA GTOrCAGGTr TAAATTCAAA 60 

CTCATITAAT TITACrmA AAAATAATTC TAT ATO AAT CGT AAC ACT ATA AAT 114 

Met Asn Arg Asn Ser lie Asn 
1 5 

ATA TTA AAT TAC ATG CAG TTC ACT GAT GOT TAC CTT GAC AAA TAT GOG 162 
He Leu Asn Tyr Met Gin Kie Thr Asp Ala Tyr Leu-Asp Lys Tyr Gly 
10 15 20 



GIT CTT ATG ACA TIG GAG CTT TAC AGC AAT AAC ATA ACT GGA CCA ATT 210 
Val Leu Met Thr Leu Glu Leu TV^r Ser Asn Asn He Ser Gly Pro He 
25 30 35 



CCT ACT GAT CTT GGG AAT CIG ACA AAT TIG C3TG AGC TIG GAC CTA TAC 258 
Pro Ser Asp Leu Gly Asn Leu 'Rir Asn Leu Veil Ser Leu Asp Leu Tyr 
40 45 50 55 



ATG AAT AGC TIC TCT GGA CCT ATA CCG GAC ACA TTA GGA AAG CTT ACA 306 
Met Asn Ser Phe Ser Gly Pro lie Pro Asp Thr Leu Gly Lys Leu Ohr 
60 65 70 



AGG CTA AGA TTC TIG CCT CTC AAC AAC AAC AGC CTC TCT GCT CCA AIT 354 
Arg Leu Arg Phe Leu Arg Leu Asn Asn Asn Ser Leu Ser Gly Pro He 
75 80 85 

CCA ATG TCA CIG ACT AAT ATT ACA ACT CTT CAA GTC CTG GAT TTA TCA 402 
Pro Met Ser Leu oau: Asn He Thr Thr Leu Gin Val Leu Asp Leu Ser 
90 95 100 

AAC AAT COG CTA TCA GGA OCA GTA COG GAT AAT GGC TCA TIT TCT TIG 450 
Asn Asn Arg Leu Ser Gly Pro Val Pro Asp Asn Gly Ser Kie Ser Leu 
105 110 115 

.TIT. ACA OCT ATG ACT TTT GOC AAT'AAT TIG AAT TTA TCT GGA OCC CHA 498 
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Phe Thr Pro lie Ser Phe Ala Asm Asn Leu Asn Leu Cys Gly Pro Val 
120 125 130 135 



ACT GOG AQG CCC TGC CCT GGA TCT COC CCA TTT TCG CCA CCA CCT COG 
Thr Gly Arg Pro Cys Pro Gly Ser Pro Pro Kie Ser Pro Pro Pro Pro 
140 145 150 



546 



TTC ATC CCA CCA TCA ACA GTEA CAG CCT CCA GGA CAA AAT GGT CCC ACT 
Phe lie Pro Pro Ser Thr Val Gin Pro Pro Gly Gin Asn Gly Pro Thr 
155 16a 165 



594 



GGA GCT ATT GCT GGG GGA GTA GCT GCT GCT GCT GCT TTA CIG TTT GCT 
Gly Ala He Ala Gly Gly Val Ala Ala Gly Ala Ala Leu Leu Phe Ala 
170 175 180 



642 



GCA CCT GCA ATG GCA TTT GCA TOG TOG COG AGA AGA AAA COG OGA GAA 
Ala Pro Ala Met Ala Phe Ala Tip Trp Arg Arg Arg Lys Pro Arg Glu 
185 190 195 



690 



CAT TTC TTT GAT GTC CCA GCT GAA GAG GAG CCA GAA GTG CAC CTT OCT 
His Phe Phe Asp Val Pro Ala Glu Glu Asp Pro Glu Val His Leu Gly 
200 205 210 215 



738 



CAA CTG AAG AGG TIT TCT CTG CGA GAA TTG CAA GTC GCA AOS GAT ACT 
Gin Leu Lys Arg Phe Ser Leu Arg Glu Leu Gin Val Ala Thr Asp Thr 
220 225 230 



786 



TTT ACT ACC ATA CTT GGA AGA GCT GGA TTT GCT AAG GTIG TAT AAG GGA 
Phe Ser Thr He Leu Gly Arg Gly Gly Ihe Gly Lys Val Tyr Lys Gly 
235 240 245 



834 



OGC err GCT GAT GGC TCA CTT GTA GCA CTT AAA AGG CTT AAA GAA GAA 
Arg Leu Ala Asp Gly Ser Leu Val Ala Val Lys Arg Leu Lys Glu Glu 
250 255 260 



882 



OGA ACA OCA GCT OCT GAG CTG CAG TTT CAA ACA GAG GTG GMi ATG ATT 
Arg Thr Pro Gly Gly Glu Leu Gin Phe Gin Thr Glu Val Glu Met He 



930 
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265 270 275 

• ASC ATG GCT GIG CAT OGA AAT CTT CTC OCT CIA OCT OCT TIC TGC ATG 978 
Ser Met Ala Val His Arg Asn Leu Leu Arg Leu Arg Gly Phe Cys Met 
280 285 290 295 

ACA CCA ACA GAG COG CTT CTT GTIA TAT OCA TAC ATG GCT AAT GGA ACT 1026 
Ihr Pro Thr Glu Arg Leu Leu Val lyr Pro Tyr Met Ala Asn Gly Ser * 
300 305 310 

GIT GCG TOG TCT TTA AGA GAG OCT CAG CCA TCA GAA OCT CCC CIT GAT 1074 
Val Ala Ser Cys Leu Arg Glu Arg Gin Pro Ser Glu Pro Fro Leu Asp 
315 320 325 

TOG CCA ACT AGG AAG AGG ATT GCA CTA GGA TCT GCT AGG QQG CTT TCT 1122 . 

Trp Pro Thr Arg Lys Arg lie Ala Leu Gly Ser Ala Arg Gly Leu Ser 
330 335 340 

TAT TTG CAT GAC CAT TCT GAT CCC AAG ATT ATC CAT OCT GAT CTA AAA 1170 
Tyr Leu His Asp His Cys Asp Pro Lys lie lie His Arg Asp Val Lys 
345 350 355 

GCT GCA AAT ATA TTA TIG GAC GAA GAA TIT GAG GCT GIT CTA GCT GAT 1218 
Ala Ala Asn lie Leu Leu Asp Glu Glu Phe Glu Ala Val Val Gly Asp 
360 365 370 375 

TIT QQG TTA OCT AGG CTC ATG GAT TAC AAG GAT ADC CAT GIT ACA ACT 1266 
Phe Gly Leu Ala Arg Leu Met Asp Tyr Lys Asp Thr His Val Thr Thr 
380 385 390 

GCTGmAQGQCTACCTIGQGCTACATAGCTCOCGAGTACCTCTOGACT 1314 
Ala Val Arg Gly Thr Leu Gly Tyr lie Ala Pro Glu Tyr Leu Ser Thr 
395 400 405 

OGA AAG TCA TCA GAG AAG AOC GAT GIC TIT GCT TAT GOG ATT ATG CIC 1362 
Gly Lys Ser Ser Glu Lys Thr A^ Val Phe Gly /IVr Gly Ile^Met Leu 
410 415 420 
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TTA GAG CIC ATT ACT GGA GAG AGA GCT TTT GAT CTT GCT OGC CIT GCG 1410 
Leu Glu Leu lie Thr Gly Gin Arg Ala Ifee Asp Leu Ala Arg Leu Ala 
425 430 435 

AAC GAT GAT GAT GIT ATG TTG TIG GAT TOG GIT AAA AGC CIT TTG AAA 1458 
Asn Asp Asp Asp Val Met Leu Leu Asp Trp Val Lys Ser Leu Leu Lys 
440 445 450 455 

GAG AAA AAG TIG GAG ATG C7IG GIC GAT OCT GAC CIG GAG AAC AAT TAC 1506 
Glu Lys Lys Leu Glu Met Leu Val Asp Pro Asp Leu Glu Asn Asn Tyr 
460 465 470 

ATT GAC ACA GAA GTT GAG GAG CTT ATT CAA GTA GCA TTA CIC TCST ACC 1554 
He Asp Thr Glu Val Glu Gin Leu He Gin Val Ala Leu Leu Cys Thr 
475 480 485 

GAG GGT TOG OCA ATG GAG OQG CCT AAG ATS TCA GAG GTA GIC OGA ATG 1602 
Gin Gly Ser Pro Met Glu Arg Pro Lys Met Ser Glu Val Val Arg Met 
490 495 500 

CTT GAA GGT GAT OGC CTT GCA GAA AAG TOG GAC GAG TGG CAA AAA GTA 1650 
Leu Glu Gly Asp Gly Leu Ala Glu Lys Trp Asp Glu Trp Gin Lys Val 
505 510 515 

GAA GICATCCATCAAGACGTAGAATIAOCTOCACATOGAACTTCTGAA 1698 
Glu Val He His Gin Asp Val Glu Leu Ala Pro His Arg Thr Ser Glu 
520 525 530 535 

TOG ATC OTA GAC TOG ACA GAT AAC TIG CAT GCT TTT GAA TTA TCT GGT 1746 
Trp He Leu Asp Ser ^Ibr Asp Asn Leu His Ala Phe Glu Leu Ser Gly 
540 545 550 



CCA AGA TAAACAGCAT ATAAAATGTG AATGAAATTA ATATimTA TGGTTAAAAA 1802 
Rro Arg 
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AAAAAAAAAA AAA 1815 
•(2) INFORMATICN FOR SBQ ID ND: 3: 

(i) SEQUENCE CHARACTBRISTICS : 

(A) LEUTIH: 553 amino acids 

(B) TfPE: amino acid 
(D) TOPOLOOT: linear 

(ii) MDLECULE TYPE: protein ^ 

(xi) SE3QUENCE DESCMPTICN: SBQ ID NO: 3: 

Met Asn Arg Asn Ser lie Asn lie Leu Asn Tyr Met Gin Phe Thr Asp 
1 5 10 15 

Ala Tyr Leu Asp Lys Tyr Gly Val Leu Met Uir Leu Glu Leu Tyr Ser 
20 25 30 

Asn Asn lie Ser Gly Pro lie Pro Ser Asp Leu Gly Asn Leu Thr Asn 
35 40 45 

Leu Val Ser Leu Asp Leu Tyr Met Asn Ser Kie Ser Gly Pro lie Pro 
50 55 60 

Asp Ttir Leu Gly Lys Leu Ihr Arg Leu Arg Phe Leu Arg Leu Asn Asn 
65 70 75 80 

Asn Ser Leu Ser Gly Pro lie Pro Met Ser Leu Tbr Asn lie Thr Thr 
85 90 95 

Leu Gin Val Leu Asp Leu Ser Asn Asn Arg Leu Ser Gly Pro Val Pro 
100 105 110 

Asp Asn Gly Ser Phe Ser Leu Ete Ohr Pro He Ser Phe Ala Asn Asn 
115 120 125 
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Leu Asn Leu Cys Gly Pro Val llir Gly Arg Pro Cys Pro Gly Ser Pro 
130 135 140 

Pro Phe Ser Pro Pro Pro Pro Phe He Pro Pro Ser 'Hhr Val Gin Pro 
145 150 155 160 

Pro Gly Gin Asn Gly Pro Thr Gly Ala He Ala Gly Gly Val Ala Ala 
165 170 175 

Gly Ala Ala Leu Leu Phe Ala Ala Pro Ala Met Ala Phe Ala Trp Trp 
180 185 190 

Arg Arg Arg Lys Pro Arg Glu His Phe Phe Asp Val Pro Ala Glu Glu 
195 200 205 

Asp Pro Glu Val His Leu Gly Gin Leu Lys Arg Phe Ser Leu Arg Glu 
210 215 220 

Leu Gin Val Ala Thr Asp Thr Phe Ser Thr He Leu Gly Arg Gly Gly 
225 230 235 240 

Phe Gly Lys Val Tyr Lys Gly Arg Leu Ala Asp Gly Ser Leu Val Ala 
245 250 255 

Val Lys Arg Leu Lys Glu Glu Arg Thr Pro Gly Gly Glu Leu Gin Ifee 
260 265 270 

Gin Thr Glu Val Glu Met He Ser Met Ala Val His Arg Asn Leu Leu 
275 280 285 

Arg Leu Arg Gly Phe Cys Met Thr Pro Thr Glu Arg Leu Leu Val Tyr 
290 295 300 

Pro Tyr Met Ala Asn Gly Ser Val Ala Ser cys Leu Arg Glu Arg Gin 
305 310 315 320 



Pro Ser Glu Pro Pro Leu Asp Trp Pro Uir Arg Lys Arg He Ala Leu 
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325 330 335 

• Gly Ser Ala Arg Gly Leu Ser Tyr Leu His Asp His Cys Asp Pro Lys 
340 345 350 

He He His Arg Asp Val Lys Ala Ala Asn He Leu Leu Asp Glu Glu 
355 360 365 

Phe Glu Ala Val Val Gly Asp Phe Gly Leu Ala Arg Leu Met Asp Tyr 
370 375 380\ 

Lys Asp Thr His Val Ttir Thr Ala Val Arg Gly Ihr Leu Gly Tyr He 
385 390 395 400 

Ala Pro Glu Tyr Leu Ser Thr Gly Lys Ser Ser Glu Lys Thr Asp Val 
405 410 415 

Phe Gly Tyr Gly He Met Leu Leu Glu Leu He Thr Gly Gin Arg Ala 
420 425 430 

Phe Asp Leu Ala Arg Leu Ala Asn Asp Asp Asp Val Met Leu Leu Asp 
435 440 445 

Trp Val Lys Ser Leu Leu Lys Glu Lys Lys Leu Glu Met Leu Val Asp 
450 455 460 

Pro Asp Leu Glu Asn Asn Tyr He Asp Ttir Glu Val Glu Gin Leu He 
465 470 475 480 

Gin Val Ala Leu Leu Cys Thr Gin Gly Ser Pro Met Glu Arg Pro Lys 
485 490 495 

Met Ser Glu Val Val Arg Met Leu Glu Gly Asp Gly Leu Ala Glu Lys 
500 505 510 



Trp Asp Glu Trp Gin Lys Val Glu Val He His Gin Asp Val Glu Leu 
515 520 525 
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Ala Pro His Arg Thr Ser Glu Trp He Leu Asp Ser Thr Asp Asn Leu 
* 530 535 540 

His Ala Phe Glu Leu Ser Gly Pro Arg 
545 550 

(2) INFiORMAnCN FOR SBQ ID NO: 4: 

(i) SE3QUEICE CHARACTERISTICS; 

(A) I^NTIH: 13 base pairs 

(B) TVPE: nucleic acid 

(C) sn^ANDELHESS : single 

(D) TOPOLOGY: unknown 

(iii) HYPOIHEnCAL: NO 

(iii) AOTI-SENSE: ND 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: primer 

(xi) SEaUENCE DESCRIPnCN: SEQ ID NO: 4: 

TrrriTinT tgc 13 

(2) INFOWMATICN FOR SEQ ID NO: 5: 

(i) SEQUEIO; CHARACTERISTICS: 

(A) I^NGIH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANEEZMESS: single 

(D) TOPOLOGY: unknown 

(iii) HYPCTHETICAL: NO 



(iii) AWn-SENSE: NO 
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(vi) ORIGINAL SOURCE: 

(A) ORGANISM: primer 

(xi) SBQUEIO; DESCRIPriCN: SBQ ID NO: 5 

GGGATCTAAG 

(2) INTORMATICaa FOR SBQ ID NO: 6: 

(i) SBCUENCE OIARACTERISTICS: 

(A) LENGnTH: 10 ba^e pairs 

(B) TYPE: nucleic acid 

(C) SIRANDEEKESS: single 

(D) TOP0LCX3Y: unknown 

(iii) HWOIHEnCAL: NO 

(iii) ANn-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: primer 

(xi) SEQUENCE DESCRIPnCN: SEQ ID NO: 6 

ACACGTOGTC 

(2) INFtJRMATICN POT SBQ ID NO: 7: 

(i) SB7JENCE aiARAcmasncs: 

(A) LQCriH: 10 base pairs 

(B) TfPEi nucleic acid 

(C) ffTBMJDEIXJESS: single 

(D) TOPaLOGy: unknown 

(iii) HyPOnHBnCAL: NO 
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(iii) ANn-SENSE: NO 

' (vi) ORIGINAL SOURCE: 

(A) ORGANISM: primer 

(xi) SnSgUEJO: DESCRIPriCN: SEQ ID NO: 7: 

TCAGCACAGG 10 

(2) INFXDRMAnCN FOR SEQ ID NO: 8: ^ 

(i) SEQUENCE CHARACIHUSnCS: 

(A) IiEI^GnH: 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANE3ECMESS: single 

(D) TOPOLOGY: unknown 

(iii) HYPOIHETICAL: NO 

(iii) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: priirer 

(xi) SEQUENCE DESCRIPnCN: SE33 ID NO: 8: 

Tm'mTlT TCTTO 14 

(2) INPORMATICN FOR SEQ ID NO: 9: 

(i) SBQPEUCE CHARACTERISTICS: 

(A) LE2X7IH: 13 base pairs 

(B) TYPE: nucleic acid 

(C) SIT^ANDECMESS: single 

(D) TOPOLOGY: imloicwn 

(iii) HYKTlSbTlCAL: NO 
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(iii) ANTI-SENSE: NO 

(Vi) ORIGINAL SOURCE: 

(A) ORGANISM: primer 

(xi) SEQUENCE DESCRIFTIQN: SBQ ID NO: 9: 

TOTmriTr tca 13 

(2) INPORMAXION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANTTFIHESS: single 

(D) TOPOLOGY: xmJcnown 

(iii) HYPOIHEnCAL: NO 

(iii) ANn-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: primer 

(xi) SEQUENCE DESCRIPTICN: SBQ ID NO: 10: 

GACATCGrrOC 10 

(2) INPORMATICN FCR SBQ ID NO: 11: 

(i) SEQUENCE CKARACTQasnCS : 

(A) LENC?IH: 10 base pairs 

(B) TYPE: xiucleic acid 

(C) SIRANnFTNESS: single 

(D) TOPOLOGY: unteown 
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(iii) HYPOTHETICAL: NO 

liii) ANn-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: primer 

(xi) SEQUENCE DESCRIFTICN: SBQ ID ND: 11: 

OOCTACTQCT 10 

(2) INFTORMATICN FOR SBQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEIXTIH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) SIRANDS2JESS: single 

(D) TOPOLOGY: unknown 

<iii) HYPOIHETTTCAL: NO 

(iii) AWn-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: primer 

(xi) SEQUEWZE DESaOPTICN: SBQ ID NO: 12: 

ACADGTOGTC 10 

(2) INPORMAnCN FOT SBQ ID NO: 13: 

(i) SBQUEIO; CHARACTERISITCS: 

(A) L£NGfIH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANPgNRSS: siisgle 

(D) TOPOLCXjY: un)aiown 
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(iii) HYPCTIHEmCAL: NO 

(iii) ANH -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: primer 

(xi) SEQUENCE DESC3^PnCN: SB3 ID NO: 13: 

GGnPGACICTC 10 

(2) INFORMATTCN FOR SBQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STOANDm^ESS: single 

(D) TOPOLOGY: unknown 

(iii) HYPOIHEnCAL: NO 

(iii) ANTI-SENSE: NO 

(vi) C51IGINAL SOURCE: 

(A) OSIGANISM: primer 

(xi) SEQUENCE DESCRIPnCN: SBQ ID NO: 14: 

TCTTQGAOCA GATAATIC 18 

(2) INFiQRMATICN FOR SBQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) hmSTH: 19 base pairs 

(B) TVFE: nucleic acid 

(C) Sn^ANDEIXIESS: single 
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(D) TOPOLOGY: unknown 

(iii) HYPOTHETICAL: NO 

(iii) ANn-SHNSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: priiner 

(xi) SEQUENCE DESCRIPnCN: SEQ ID NO: 15: 

1 o 

CICTGATCAC TTTOCAGnC 

(2) INPORMATICN FOR SBQ ID NO: 16: 

(i) SEQUENCE CHARACTERICTICS : 

(A) I^NGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDECNESS: single 

(D) TOPOLOGY: unknown 

(iii) HYPOrasnCAL: ND 

(iii) ANTI-SENSE: NO 

(vi) OERIGINAL SCORCE: 

(A) ORGANISM: primer 

(xi) SEQUENCE DESCRIPTICN: SEQ ID NO: 16: 

AATCSQCAnr QCATOG 

(2) INFiORMATICN FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5. amino .acids 

(B) TYPE: amino acid 
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(C) SIMNDECNESS: single 

(D) TOPOLOGY: unknown 

(ii) MDLBCULE TYPE: p^tide 

(iii) HyPOTHEmCAL: 1«) 

(iii) ANTI-SENSE: NO 

(vi) OiaGINAL SOURCE: ^ 
(A) ORGANISM: Daucus carota 

(xi) SEQUENCE DESCRIPTICN: SEQ ID NO: 17: 

Ser Pro Pro Pro Pro 
1 5 

(2) INFORMATION FOR SBQ ID NO: 18: 

(i) sequen::e characteristics: 

(A) LENGTIH: 8 amino acids 

(B) TYPE: amino acid 

(C) CTRANDECNESS: single 

(D) TOPOUDGY: xmknown 

(ii) MOLECULE TYPE: peptide 

(iii) HYPC7IHETICAL: NO 

(iii) ANIT-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Daucus carota 

(xi) SEQUENCE EESCRIPTION: SEQ ID NO: 18: 

His Arg Asp Val Lys Ala Ala Asn 
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15 
(2) INPORMATICN FOR SBQ ID N3: 19: 

(i) SBQUCENCE CHARACTERISTICS: 

(A) UNGflH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANEECNESS: single 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 

(iii) HVPOIHEmCAL: NO 

(iii) PNTl-SWSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Daucus carota 

(xi) SBQOENCE DESCRIPITCN: SBQ ID ND: 19: 

Gly Thr Leu Gly Tyr He Ala Pro Glu 
1 5 

(2) INPORMATIOJ FOR SBQ ID NO: 20: 

(i) SBQUEI3CE CHARACTERISTICS: 

(A) I^NSTH: 4081 base pairs 

(B) TYPE: nucleic acid 

(C) TIRANOErNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: EWA (gencndc) 

(iii) HYPOTHETICAL: NO 



(vi) ORIGINAL SOURCE: 
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(A) ORGANISM: Arabidppsis thaliana 

(vii) IMMEDIATE SCfURCE: 

(B) CLCNE: Arabidppsis SERK gene 

(ix) FEATURE: 

(A) NAME/KEY: exon 

(B) LOCATICN: 1280.. 1367 

(ix) FEATORE: 

(A) NRME/KETir: exon 

(B) LOCATICN: 1796., 1928 

(ix) FEATORE: 

(A) NAME/KE^: exon 

(B) LOCATICN: 2014., 2085 

(ix) FEATORE: 

(A) NAME/KEV: exon 

(B) LOCAnCN: 2203.. 2346 

(ix) FEATORE: 

(A) NAME/KEiT: exon 

(B) LOCATICW: 2450. .2521 

(ix) FEATORE: 

(A) NAME/KEY : exon 

(B) LOCATICN: 2617. .2688 

(ix) FEATORE: 

(A) NAMB/K£^: exon 

(B) LOCATICN: 2772.. 2884 

(ix) FEATORE: 

(A) NAME/XEV': exon 

(B) LOCATICN: 3015.. 3146 
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(ix) FEATURE: 

(A) NRME/KEy: excn 

(B) LOCATICN: 3305.. 3646 



(ix) FEATORE: 

(A) NAME/KK: exm 

(B) LOCATICN: 3760.. 4081 



(xi) SBQUEl^CE DESCRIPnCK: SBQ ID NO: 20: ^ 

TCEAGAAACC TITTGATCAT AATCAAAATA AAGAGTCCAT OCAOCACATG GGGTIAAGCAT 60 

AATOTCTCAT ATITAAAGGG TAACAAATOT AATCTGCriT TIATnTACT TrTTACCTCT 120 

ACICAAATTC TATCGC3CAGT ri ' m ' lTi ' i ' i ' TnTAAATGA TAAGACAACTT ATCTOriTAA 180 

TOCTATTCTC ATOAAACACT AGTIAAACTCA TATCQQOCAC GCrATACTAC TICCACAGnG 240 

GAACITOQCC AAATnrcrC TITCCCXncr CTACAGnnC TTCCACXAAA TrrmGTTG 300 

ACAAAACTCA AAICTTICAA TCTCATCICT GOCAAAGTrG GGmTAGAAA GAATATCAGC 360 

AAACACTAAT ATCTITATIG TTGCATOOIT TATCAATCAC AAAATICACA ACCATTOTAA 420 

AAAAAAATTC ACATTnTQCS TATGAGATTG CTCACATGAT AGTOAACCIC TITAACMTr 480 

TAACnTACr TICATAAATA CQOGATTAOG AATCTTACTr GCATTAAAAA ITEAGAAAAG 540 

GrnmCEAC TXAAAGAAAA AAQCSGACCCA ACAGAGAGAG GTITCACCAG GAGAAACX3GG 600 

TOCATAQCCT TAAGAGCTIT CAACEACTIT AOTOCAAACC CAAAGCXSATO TCACTTICAA 660 

ccATCTcrrc tcicocco g a AccoGnrnT ttgaccxsgtc AGrrroooocA ccAGCACCGrr 720 

TAOSQGCAGC TTATAnOCT CVlVntX TC CTCTACAOCA CTGCMGOCX: ATAAATAAAG 780 
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CXXCTTGAGA TCnTAAAAA TATTAAATAA TATATCAACG AAAAAGCTM TTTATICAXA 840 

•AGAAGAAAAA GAGAQGAACA ACAACAACAC ACTAATCATA GnTITCICrQG CAGCSCTTGnT 900 

GTIGCXSGCnT AAXAAAAAQC TCTTTroiTA TTArTACTIC AOGTAGATIT TCOCCAAAAA 960 

GCICmnT TlTiUlTr AA AAAAAAAAC3T TrCATCTTTA TTCAACnTT GrmTACAGT 1020 

GIGTOTGrTCA GAGAGAGACT GTOGnTGAT TGAGGAAAGA OGACGACGAG AACXXXX3GAG 1080 

AATTAQGATT TTTATTrTAT TmTACTCT TIUmuriT TAATOCTAAT QOGrmTAA 1140 

AAGQGITATC GAAAAAATGA GriGAGriTTGT GriTGAQGnTC TCTCTGrrAAA GrGITAATOG 1200 

TOCTGATTIT OaGAAGITAG GGTmCTOG GATCTGAAGA GATCAAATCA AGA1TCGAAA 1260 

TITAGCATTG TICTnGAAA TOGAGTOGAG TTAICTSCSTTG TTTAICITAC TTICACTGAT 1320 

CITACrrCCX; AATCATTCAC TCTCGCTIGC TTCTSCTAAT TIGGAAGGnr CGriGGnTACT 1380 

CAATTACrCA GCTTTACTOG TITCTCAATT ACmCTQGA TICmTTTA TTTOGAGGTC 1440 

AATCGCTATC TTTACTGTCT GCATnTGAT TTATGAAAAT TGriTGriTGrrr Cri'IUTATIT 1500 

GTAAGAITrA GTIGQCTAGrrA CTTTGAAIAC ACTGriTIT3C TmCTTGriT CAGATCAACT 1560 

TTGrnATATTG TAAAQGCATC TIUnTQQGT TGAAAAGCTO QGrrrATITGA TATCTTAAGA 1620 

ITGATGnCT TCATCCAAAC ATICTCTOAA AGACTICATT 'il^mTiUTT TTTGrTAAAGA 1680 

ATITGrrTTAA TilA!l'l!AO0CT CTAATCICAG AGAQGOdCT TTSAAIAGTr CrcrCTTGAA 1740 

AITAGACITr ra^CCAATIG ATCCTAAITG TGrTAGAITrG TICTICITGT TAIAGGTGAT 1800 

GCITTQCAIA CmGAQQGT TACrCEACTT GATOCAAACA ATOICITGCA GAQCTOQGAT 1860 

CCTACQCrAG OGAAi aji ' lU CACATQGrnC CTmJTCACIT GCAACAAOGA GAACAGTCTC 1920 
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ATAAGAGTCT AAAGCITICT TCTACTAATC CCALTiTlTA AACTITSAOC TCAQCCTGGT 1980 

TAlXGACATT ' mi/mi, ' iT TICTCAAATA CAGnGATTIG GQCSAATOCAG AGnTATCTOG 2040 

CCAnTACTT CCAGAGCTIG GrrGTGCTCAA GAATITQCAG TATTICTAAG TICCACriTAT 2100 
GCATCAIGCT TTAACAAAAC AAATCCAAGA TTTGACAGAA GAAGCACTQG ACTTACCTTT * 2160 

TOTAATIGAA A ICTITITA A CAAGnTCTT ATmCTTAC ACaQGAGGTIT ACACTAACAA 2220 

CATAACTOGC CCGATICCTA GTAATCTTOG AAATCTOACA AACTTAGnGA CJITTGGATCT 2280 

TIACTTAAAC AGCITCTCCG GICCIMTCC GGAATCATIG QGAAAGCTTT CAAAGCTGAG 2340 

AnrcroraA gttatacatat gctitaidqqg ctcacttaca GnunrGnT aatcttagct 2400 

TTICTrCCAA TrmGACTC TTTGCTGAAA ATTITACATC CAAGAATAGC CGQCTIAACA 2460 

ACAACAGTCT CACTQQGTCA ATTCCTATOT CACTGACCAA TATTACIACC CnTCAAGTCT 2520 

TCTCAGTCCT CrCATTAACT TTCATrEATG TCTACTTCAT TCIOCCTCAG TTGATTTGnT 2580 

GACTTAATCC ACTTAACCTr GATOGATOCA ACACAGAGAT CTATCAAATA ACAGACTCTC 2640 

TOGTICAGTr CCTGACAATG GCICCTICIC AOTCTTCACA CCCATCAQGT TCTATGATIT 2700 

ATCCTCTTCA GTEATnCAG r iX^lTC I iyrC AGTOICIGAA CTIMTCrGA AACrTTCATT 2760 

TCCITGnQCA GTirXlCT AA TAACTTAGAC c m GTO G AC CTOITACAAG TCACCCATGT 2820 

OCTQGATCTC CaXUl T i ' lV TCCTCCACCA OCTTITAriC AALVIOXCC AGTITOCACC 2880 

coGAGTAAQC cia:ium ' r TAGrrmCAT TATAGGAAAC AGAAGATGAA AICITIQCIT 2940 

OCroiCAAT CLTnm ' lU AJSCEAACTCA TCTIQCXZAAT AAQQCAAXAA CCAAA3GMC 3000 
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TAATITCATr TCAGGTOGGT AIOTTATAAC TOCSAGCAAIA GCTGGTOGAG TTGCTOCAGG 3060 

^TCCIGCTITC CIOTITCCTC CICCTQCAAT AGOCTTroCT T3CTC3GOGAC GAAGAAAGOC 3120 

ACTAGMMT TICTICGATG TCOCTGGrrGA GTITrATEATr arMTftGriT TCOTTICm 3180 

QCXS^QCAATT TIGTnTQCA GAAAAGTATT GCy^ACAACTG TTAAIGAAAA TCAATACATA 3240 

ACTTCATICTr mTAAGTIA CAAACTCTTT TGACTAAAAT CTCGATTGCA AAATCTCIAT 3300 

QCAQCCGAAG AAGATCCAGA ACTTCATCTC GGACAGCTCA AGAGGTnTC TTTGCGGGAG 3360 

CTACAAGrrGG CGAGIGATOG fflTEAGrrAAC AAGAACATTT TQGQCAGAGG TGQGTITGGG 3420 

AAACnCTACA AGQGACGCIT GQCAGACGGA ACICTICTTG CTGTCAAGAG ACTGAAGGAA 3480 

GAQCGAACnC CAGGTQGAGA GCTCCAOITr CAAACAGAAG TAGAGATGAT AAGrTATGQCA 3540 

GmCATCGAA ACCTGriTCAG ATTACGAGCT TTCTCTATGA CACCGACCGA GAGATTGCTT 3600 

GlUi ' A IUJ n ' ACATQGCCAA TOGAAGTCriT GCTICGTGrrC TCAGAGCTAA AAACTAAACA 3660 

ATTAAACATC aTCIGCICT: TCTCAATEAC ITTGACXnGA AGrrGnmTT CATGnTICC 3720 

TTIATGGGnT CATAATICnT GGnTACACTA ATGACACAGA GAGQCX:ACCX5 TCACAACCTC 3780 

CGCTIGATIG GCCAAOGCGG AAGAGAATCG CGCTAGGCIC AGCTCGAGC3T TTCICTrAOC 3840 

TACATCATCA CrOQGATCCX; AAGATCMTC ACCGTCAaST AAAAGCAGCA AACATCCTCT 3900 

raCACXSAAGA ATIOSAAGOG CTTCITOGAG ATTiaSGCSTr GGCAAAGCTA ATOCSACTATA 3960 

AAGACACICA CGIGACAACA GCAGTrCOGTG GCAOCATOQG TCACATCGCT CCAGAATATC 4020 

TCTCAACCQG AAAATCTICA GAGAAAAOOG ACGnTITOQG ATACX3GAA3C ATQCncrAG 4080 
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(2) INPQFMATICW FOR SBQ ID ND: 21: 

(i) SBQOEKCE CHARACrE3U:ffnCS: 

(A) IiEIX31H: 494 andno acids 

(B) TYPE: aDcnino acid 

(C) STTOANDEn^ESS : unknown 

(D) TOPOLOCT: linear 

(ii) MOLHIIJLE TYPE: protein 
(iii) HyPOTHEnCAL: 1X> 

(v) raACMEOT TYPE: N-tenninal 



(xi) SBQUE2QCE DESCRIPTICN: SBQ ID ND: 21: 

Met Glu Ser Ser Oyr Val Val Phe lie Leu Leu Ser Leu He Leu Leu 
1 5 10 15 

Pro Asn His Ser Leu Trp Leu Ala Ser Ala Asn Leu Glu Gly Asp Ala 
20 25 30 

Leu His Thr Leu Arg Ved Thr Leu Val Asp Pro Asn Asn Val Leu Gin 
35 40 45 

Ser Trp Asp Pro Thr Leu Val Asn Pro Cys Thr Trp Ihe His Val Thr 
50 55 60 

cys Asn Asn Glu Asa Ser Val He Arg Val Asp Leu Gly Asn Ala Glu 
€5 70 75 80 

Leu Ser Gly His Leu Val Pro Glu Leu Gly Val Leu Lys Asn Leu Gin 
85 90 95 



wo 97/43427 



-69- 



PCT/EP97/02443 



Glu Leu lyr Ser Asn Asn lie Thr Gly Pro He Pro Ser Asn I^u Gly 
100 105 110 

Asn Leu Thr Asn Leu Val Ser Leu Asp Leu Tyr Leu Asn Ser Phe Ser 
115 120 125 

Gly Pro He Pro Glu Ser Leu Gly Lys Leu Ser Lys Leu Arg Phe Leu 
130 135 140 

Arg Leu Asn Asn Asn Ser Leu Ihr Gly Ser He Pro Met Ser Leu Thr 
145 150 155 160 

Asn He Thr Ihr Leu Gin Val Leu Asp Leu Ser Asn Asn Arg Leu Ser 
165 170 175 

Gly Ser Val Pro Asp Asn Gly Ser E^e Ser Leu Phe Thr Pro He Ser 
180 185 190 

PhG Ala Asn Asn Leu Asp Leu Cys Gly Pro Val Thr Ser His Pro Cys 
195 200 205 

Pro Gly Ser Pro Pro Phe Ser Pro Pro Pro Pro Phe He Gin Pro Pro 
210 215 220 

Pro Val Ser Thr Pro Ser Gly Tyr Gly He Thr Gly Ala He Ala Gly 
225 230 235 240 

Gly Val Ala Ala Gly Ala Ala Leu Leu Phe Ala Ala Pro Ala He Ala 
245 250 255 

Kie Ala Trp Trp Arg Arg Arg Lys Pro Leu Asp He Phe Kie Asp Val 
260 265 270 



Pro Ala Glu Glu Asp Pro Glu Val His Leu Gly Gin Leu Lys Arg Phe 
275 280 285 



Ser Leu Arg Glu Leu Gin Val Ala Ser Asp Gly Phe Ser Asn Lys Asn 
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290 



295 



300 



He Leu Gly Arg Gly Gly iPhe Gly Lys Val Tyr Lys Gly Arg Leu Ala 
305 310 \ 315 320 

\ 

Asp Gly Ihr Leu Val Ala Val Lys Arg Leu Lys Glu Glu Arg Thr Pro 
325 330 335 

Gly Gly Glu Leu Gin Phe Gin Thr Glu Val Glu Met He Ser Met Ala 
340 345 ^ 350 

Val His Arg Asn Leu Leu Arg Leu Arg Gly Phe Cys Met Thr Pro Thr 
355 360 365 

Glu Arg Leu Leu Val Tyr Pro lyr Met Ala Asn Gly Ser Val Ala Ser 
370 375 380 



Cys Leu Arg Glu Arg Pro Pro Ser Gin Pro Pro Leu Asp Trp Pro Thr 
390 395 400 



385 



Arg Lys Arg He Ala Leu Gly Ser Ala Arg Gly Leu Ser Tyr Leu His 
405 410 415 

Asp His cys Asp Pro Lys He He His Arg Asp Val Lys Ala Ala Asn 
420 425 430 

He L«i Leu Asp Glu Glu Phe Glu Ala Val Val Gly Asp Phe Gly Leu 
435 440 445 

Ala Lys Leu Met Asp Tyr Lys Asp Hir His Val Thr Itr Ala Val Arg 
450 455 460 



Gly Thr He Gly His He Ala Pro Glu Tyr Leu Ser Thr Gly Lys Ser 
465 470 475 480 



Ser Glu Lys Thr Asp Val Etoe Gly Tyr Gly He Met Leu Leu 
485 490 
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(2) INFORMATICN FOR SBQ ID NO: 22: 

(i) SBCfUEWCE CHARACTEiaSTICS: 

(A) LENGTIH: 1106 base pairs 

(B) 1YEE: nucleic acid 

(C) CTRANDETNESS: single 

(D) TOPOSLOGY: linear 

(ii) MOLECULE TOPE: cENA to iriRNA 
(iii) HYPOIHETICAL: NO 



(ix) FEftlUKE: 

(A) NAME/KEV: CDS 

(B) LOCATICN: 142.. 795 



(xi) SEQUENCE DESCRIPTICN: SBQ ID NO: 22: 
TOGACCCACG CGrrCOGTCCA ACTTCAATAA AGGGGAAACC AACCTAACCC TAATTITGCT 60 

ric' i uci^uT TcnrcAGAAA AnrrcociT tactcicaaa tixxttttcg atttocctct 120 

CTEAAACCTC OGAAAGCTCA C AIG GOG TCT CGA AAC TAT OSG TGG GAG CTC 171 

Met Ala Ser Arg Asn Tyr Arg Trp Glu Leu 
15 10 

TIC GCA GOT TOG TTA ADC CTA ACC TTA GCT TTG AIT CAC CTG GTC GAA 219 
Phe Ala Ala Ser Leu Thr Leu llir Leu Ala Leu lie His Leu Val Glu 
15 20 25 

OCA AAC TOC GAA QGA GAT OCT CTC TAC GCT CIT CQC COG ACT TTG ACA 267 
Ala Asn Ser Glu Gly Asp Ala Leu Tyr Ala Leu Arg Arg Ser l£u IJur 
30 35 40 
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GATCCAGACCATGTCCTCCAGA3CTSGGATC» 315 
Asp Pro Asp His Val Leu Gin Ser Trp Asp Pro Ihr Leu Val Asn Pro 
45 50 55 

•rer AOC TGG TTC CAT GTC AOC ICT AAC CAA GAC AAC CGC GTC ACT C3GT 363 
Cys Thr Trp Kie His Val Thr Cys Asn Gin Asp Asn Arg Val Hhr Arg 
60 65 70 

(JTG GAT TIG GGA AAT TCA AAC CTC TOT GGA CAT CIT GOG OCT GAG CTT 411 
Val Asp Leu Gly Asn Ser Asn Leu Ser Gly His Leu Ala Pro Glu Leu 
75 80 85 90 

GOG AAG CTT GAA CAT TTA CAG TAT CTA GAG CIC TAC AAA AAC AAC ATC 459 
Gly Lys Leu Glu His Leu Gin Tyr Leu Glu Leu Tyr Lys Asn Asn lie 
95 100 105 

CAA GGA ACT ATA OCT TCC GAA CTT GGA AAT CTC AAG AAT CIC ATC AGO 507 
Gin Gly Thr He Pro Ser Glu Leu Gly Asn Leu Lys Asn 1^ He Ser 
110 115 120 

TIG GAT CTG TAC AAC AAC AAT CTT ACA GOG ATA GIT CCC ACT TTC TIG 555 
Leu Asp Leu lyr Asn Asn Asn Xjcu Ohr Gly He Val Pro Thr Phe Leu 
125 130 135 

GGA AAA TIG AAG TCT CIO GIC TTT TTA CGG CTT AAT GAC AAC OGA TIG 603 
Gly Lys Leu Lys Ser Leu Val Phe Leu Arg Leu Asn Asp Asn Arg Leu 
140 145 150 

ACC GCT CCA ATC CIA GAG CAC TCA OGG CAA TCC CAA GOC TIT AAA GTT 651 
Thr Gly Pro He Leu Glu His Ser Arg Gin Ser Gin Ala Phe Lys Val 
155 160 165 170 

Gnr GAC GTC TCA AOC AAT GAT TTO TGT GOG ACA ATC OCA ACA AAC GGA 699 
Val Asp Val Ser Ser Asn Asp Leu Cys Gly Ihr He Pro Ihr Asn Gly 
175 180 185 

COC TIT GCT CAC ATT OCT TIA CAG AAC TIT GAG AAC AAC COG AGA TIG 747 
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Pro Phe Ala His lie Pro Leu Gin Asn Phe Glu Asn Asaci Pro Arg Leu 
190 195 200 . 

GAGGGACOGGAATIACrcOGTCTTGCAAQCTACG^ 795 
Glu Gly Pro Glu Leu Leu Gly Leu Ala Ser Tyr Asp Hir Asm Cys Thr 
205 210 215 

TGAAACAACT QGCAAAACCT GAAAATGAAG AATTQGGOQG TGACXTICTA AGAACACTTG 855 

ACCACTITAT CAAATATCAC ATCTATTATG. TAATAAGTIAT AIATATOTAG TAAAAACAAA 915 

AAAAATGAAG AATOGAATCG GTAATATCAT ClUGTICTCAA TIGAGAACIT CXaAGGnCIGT 975 

ATGTAAAATT TCTAAATGCG ATTTTCGCIT ACIGTAATCT TCGGrTTGriGG GATICTGAGA 1035 

AGEAACAirr GTATIQGnAT GGTATCAACT 'iVjT lL ' ro COT ICTCTGCAAA AAAAAAAAAA 1095 



AAAAAAAAAA A 

(2) INFORMATION PQER SBQ ID NO: 23: 

(i) SBQUEWCE CMARACTERISTTICS: 

(A) LEI«3IH: 218 amino acids 

(B) 1YPE: amino acid 
(D) TOPOLOGV: linear 

(ii) MOTiEOJUS TYPE: protein 

(xi) SEQUENCE DESaaPTICN: SBQ ID NO: 23: 

Met Ala Ser Arg Asn Tyr Arg Trp Glu Leu Kie Ala Ala Ser Leu Thr 
15 10 15 



1106 



Leu Thr Leu Ala Leu He His Leu Val Glu Ala Asn Ser Glu Gly Asp 
20 25 30 
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Ala Leu Tyr Ala Leii Arg Arg Ser Leu Thr Asp Pro Asp His Val Leu 
35 40 45 

Gin Ser Trp Asp Pro Tte Leu Val Asn Pro Cys Thr Trp Phe His Val 
50 55 60 

Thr Cys Asn Gin Asp Asn Arg Val Ihr Arg Val Asp Leu Gly Asn Ser 
65 70 75 80 

Asn Leu Ser Gly His Leu Ala Pro Glu Leu Gly Lys Leu Glu His Leu 
85 90 95 

Gin Tyr Leu Glu Leu Tyr Lys Asn Asn lie Gin Gly Thr He Pro Ser 
100 105 110 

Glu Leu Gly Asn Leu Lys Asn Leu He Ser Leu Asp Leu Tyr Asn Asn 
115 120 125 

Asn Leu Thr Gly He Val Pro Thr Phe Leu Gly Lys Leu Lys Ser Leu 
130 135 140 

Val Phe Leu Arg Leu Asn Asp Asn Arg Leu Thr Gly Pro He Leu Glu 
145 150 155 160 

His Ser Arg Gin Ser Gin Ala Phe Lys Val Val Asp Val Ser Ser Asn 
165 170 175 

Asp Leu Cys Gly Thr He Pro Thr Asn Gly Pro Ehe Ala His He Pro 
180 185 190 

Leu Gin Asn Phe Glu Asn Asn Pro Arg Leu Glu Gly Pro Glu Leu Leu 
195 200 205 



Gly Leu Ala Ser Tyr Asp Thr Asn Cys Thr 
210 215 



(2 ) INPQSRMATICN TOR'SEQ ID ND: 24: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGIH: 981 base pedrs 

(B) TYPE: nucleic acid 

(C) STRAMDEIKESS: single 

(D) TOPOLOGY: linear 

(ii) MaiiBCUIiE T^E: cENA to iriRNA 
(iii) HYPOnHEITCAL: NO 

(ix) FEATORE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 104.. 757 

(xi) SEQUENCE DESCRIPTICN: SBQ ID NO: 24: 

AGTGTGAGrrA ATITAGTITG Cmi:iUJiU ' TrTOITCAGA AAATTITCOC TTEACTCrCA 60 

AATTOCnTT CGATITCCCT CICITAAACC TCCGAAAGCT CAC ATG GOG TCT CGA 115 

Met Ala Ser Arg 
1 

AAC TAT CGG TOG GAG CTC TIC GCA OCT TOG TTA ACC CTA ACC TTA OCT 163 
Asn Tyr Arg Trp Glu Leu Phe Ala Ala Ser Leu Thr Leu Thr Leu Ala 
5 10 15 20 

TIG ATT CAC CIG GTIC GAA GCA AAC TOC GAA GGA GAT GCT CTC TAC GCT 211 
Leu lie His Leu Val Glu Ala Asn Ser Glu Gly Asp Ala Leu Tyr Ala 
25 30 35 

err OGC CGG AGT TTS ACA gat CCA GAC CAT GTC CTC CAG AGC TGG GAT 259 
Leu Arg Arg Ser Leu Hir Asp Pro Asp His Val Leu Gin Ser Trp Asp 
40 45 50 
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CCA ACT dT GIT AAT OCT TGTT ACC TGG TIC CAT GTIC AOC TGT AAC CAA 307 
Pro Thr Leu Val Asn Pro Cys Thr Trp Phe His Val Thr Cys Asn Gin 
55 60 65 

GAC AAC CGC GTC ACT OCT CTC3 GAT TTG GGA AAT TCA AAC CTC TCT QGA 355 
Asp Asn Arg Val Thr Arg Val Asp Leu Gly Asn Ser Asn Leu Ser Gly 
70 75 80 

CAT CTT GOG OCT GAG CTT QGG AAG CTT GAA CAT TIA CAG TAT CIA GAG 403 
His Leu Ala Pro Glu Leu Gly Lys Leu Glu His Leu Gin TVr Leu Glu 
85 90 95 100 

CTC TAC AAA AAC AAC ATC CAA GGA ACT ATA OCT TCC GAA CTT GGA AAT 451 
Leu Tyr Lys Asn Asn He Gin Gly Thr He Pro Ser Glu Leu Gly Asn 
105 110 115 

CIG AAG AAT CTC ATC AGO TTG GAT CTG TAC AAC AAC AAT CTT ACA GOG 499 
Leu Lys Asn leu He Ser Leu Asp Leu Ty^:* Asn Asn Asn Leu Ihr Gly 
120 125 130 

ATA GTT CCC ACT TCT TIG GGA AAA TIG AAG TCT* CIG GTC TTT TTA OGG 547 
He Val Pro Thr Ser Leu Gly Lys Leu Lys Ser Leu Val Kie Leu Arg 
135 140 145 

CTT AAT GAC AAC OGA TIG ACC GCT CCA ATC OCT AGA GCA CTC ACG GCA 595 
Leu Asn Asp Asn Arg Leu Thr Gly Pro He Pro Arg Ala Leu Thr Ala 
150 155 160 

ATC CCA AGO CTT AAA GTT GTT GAC GTC TCA AGO AAT GAT TIG TCT GGA 643 
He Pro Ser Leu Lys Val Val Asp Val Ser Ser Asn Asp Leu Cys Gly 
165 170 175 180 

ACA ATC CCA ACA AAC QGA CCC TTT OCT CAC ATT CCT" TTA CAG AAC TIT 691 
Thr He Pro Ihr Asn Gly Pro Etoe Ala His He Pro Leu Gin Asn ttie 
185 190 195 

GAG AAC AAC COG AGA TIG GAG GGA COG GAA TTA CTC OCT CTT GCA AGO 739 
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Glu Asn Asn Pro Arg Leu Glu Gly Pro Glu Leu Leu Gly Leu Ala Ser 
200 205 210 

TAC GAC ACT AAC TQC ACC TGAAACAACT QGCAAAACCT GAAAATGAAG 787 
Tyr Asp Thr Asn Cys Ttac 
215 

AATTOOGGGG TGACCTICTA AGAACACTIC AOCACTTEAT CAAATATCAC ATCTATTATC 847 

TAATAAGTAT ATATATCrCAG TAAAAACAAA .AAAAATGAAG AATOGAATOG GTAATATCAT 907 

CTOglCT CA A TTGAGAACTT CGAGGTCTGT ATOIAAAATT TCTAAATOOG ATnTOQCCT 967 

AAATTACrCA CACT 981 



(2) INPORMATICN FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACiraiSTICS : 

(A) LEHGTIH: 218 amino acids 

(B) TYPE: andno acid 
(D) TOPOLOGY: linear 

(ii) MDLECULE TYPE: protein 

(xi) SBQUENZE DESCRIPITCJN: SEQ ID NO: 25: 

Met Ala Ser Arg Asn Tyr Arg Trp Glu Leu Phe Ala Ala Ser Leu Thr 
1 5 10 15 

Leu Thr Leu Ala Leu lie His Leu Val Glu Ala Asn Ser Glu Gly Asp 
20 25 30 

Ala Leu TVr Ala Leu Arg Arg Ser Leu Thr Asp Pro Asp His Val Leu 
35 40 45 

Gin Ser Ttp Asp, Pro Thr Leu Val Asn Pro Cys Thr Trp Kie His Val 
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50 55 60 

Obr Cys Asn Gin Asp Asn Arg Val Tftir Arg Val Asp Leu Gly Asn Ser 
65 70 75 80 

Asn Leu Ser Gly His Leu Ala J>ro Glu Leu Gly Lys Leu Glu His 
85 90 95 

Gin Oyr Leu Glu Leu Tyr Lys Asn Asn He Gin Gly Thr He Pro Ser 
100 lOS ^ 110 

Glu Leu Gly Asn Leu Lys Asn Leu He Ser Leu Asp Leu Tyr Asn Asn 
115 120 125 

Asn Leu Ihr Gly He Val Pro Thr Ser Leu Gly Lys Leu Lys Ser Leu 
130 135 140 

Val Phe Leu Arg Leu Asn Asp Asn Arg Leu Ite Gly Pro He Pro Arg 
145 150 155 160 

Ala Leu Thr Ala He Pro Ser Leu Lys Val Val Asp Val Ser Ser Asn 
165 170 175 

Asp Leu Cys Gly Thr He Pro Thr Asn Gly Pro Phe Ala His He Pro 
180 185 190 

Leu Gin Asn Ihe Glu Asn Asn Pro Arg Leu Glu Gly Pro Glu Leu Leu 
195 200 205 

Gly Leu Ala Ser Tyr Asp Thr Asn Cys Thr 
210 215 

(2) INFX3RMmCN FOR SBQ ID NO: 26: 

(i) SBCfU£X3CE CHARACrsasnCS: 

(A) LEN3TH: 789 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDECNESS: single 

(D) TOPOLOGY: linear 

(ii) MDLE3CULE TYPE: cENA to iriRNA 
(iii) HYPOTHEnCAL: ND 



(ix) FEATORE: 

(A) NAME/KEY: CDS 
IB) UXATim: 2.. 661 



(xi) SBQUEWCE DESCRIPTION: SBQ ID NO: 26: 

T OGA CCC AOG OGT CCG CGA AAC TAT OGG TOG GAG CIC TIC GCA GCT 46 
Arg Pro Ihr Arg Pro Arg Asn Tyr Arg Trp Glu Leu Phe Ala Ala 
15 10 15 

TOG TTA ATC CTA ACC TTA GCT TTG ATT CAC CTG GIC GAA GCA AAC TOC 94 
Ser Leu He Leu Thr Leu Ala Leu He His Leu Val Glu Ala Asn Ser 
20 25 30 

GAA GGA GAT GCT CIT TAC GCT CTT CGC CGG AGT TTA ACA GAT CCG GAC 142 
Glu Gly Asp Ala Leu Tyr Ala Leu Arg Arg Ser Leu TOxr Asp Pro Asp 
35 40 45 

CAT Grrr crc cag agc tog gat cca act err cnr aat cct tgt acc tog i90 

His Val Leu Gin Ser Tcp Asp Pro Thr Leu Val Asn Pro Cys Thr Trp 
50 .55 60 

TIC CAT GTC ACC TCT AAC CAA GAC AAC OQC GIC ACT CCT GTO GAT TTC 238 
Phe His Veil Thr Cys Asn Gin Asp Asn Arg Val Thr Arg Val Asp Leu 
65 70 75 

QQG AAT TCA AACCICTCTQGACATCTrGCGOCTGAGCITGQG AAG CTT 286 
Gly Asn Ser Asn Leu Ser Gly His Leu Ala Pro Glu Leu Gly Lys Leu 
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80 85 90 95 

GAA CAT TTA CAG TAT CTA GAG CIC TAG AAA AAC AAC ATC CAA QGA ACT 334 
Glu His Leu Gin Tyr Leu Glu Leu Tyr Lys Asn Asn He Gin Gly Thr 
100 105 110 

ATA OCT TCX: GAA CTT GGA AAT CTG AAG AAT CIC ATC AGC TIG GAT CTG 382 
He Pro Ser Glu Leu Gly Asn Leu Lys Asn Leu He Ser Leu Asp Leu 
115 120 125 

TAG AAC AAC AAT CTP ACA GGG ATA C?IT OCC ACT TCT TUG GGA AAA TTG 430 
Tyr Asn Asn Asn Leu Thr Gly He Val Pro Thr Ser Leu Gly Lys Leu 
130 135 140 

AAG TCT CTG GTC TIT TTA CGG CTT AAT GAC AAC CGA TIG AOG GGG OCA 478 
Lys Ser Leu Val Phe Leu Arg Leu Asn Asp Asn Arg Leu Thr Gly Pro 
145 150 155 

ATC CCT AGA GCA CTC ACT OCA ATC CCA AGC CTT AAA GTT GIT GAT GTC 526 
He Pro Arg Ala Leu Thr Ala He Pro Ser Leu Lys Val Val Asp Val 
160 165 170 175 

TCA AGC AAT GAT TIG TCT GGA ACA ATC CCA ACA AAC GGA CCT TTT GCT 574 
Ser Ser Asn Asp Leu Cys Gly Thr He Pro Uir Asn Gly Pro Phe Ala 
180 185 190 

CAC ATT CCT TTA CAG AAC TTT GAG AAC AAC CCG AGG TIG GAG GGA OOG 622 
His He Pro Leu Gin Asn Phe Glu Asn Asn Pro Arg Leu Glu Gly Pro 
195 200 205 

GAA TTA CTC OCT CTT GCA AGC TAC GAC ACT AAC T3C AOC TGAAAAAA3T 671 
Glu Leu Leu Gly Leu Ala Ser TVr Asp Thr Asn Cys Thr 
210 215 220 

QQCAAAACCT GAAAATOAAG AAUTOGGGGG TGACLTIOTA AGAACACTIC ADCACTITAT 731 



CAAAIATCAC-ATGTAGXATG TAATAACaTCAT ATATATCTAiS TCCAAAAAAA AAAAAAAA 



789 
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• (2) INTORMATICN FOR SEQ ID NO: 27: 

(i) SBQCJE13CE CHARACTEJaSTICS : 

(A) LEXXTIH: 220 amino acids 

(B) TifPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein . \ 

<xi) SEXyJSNCE DESCRIPnCN: SEQ ID NO: 27: 

Arg Pro Thr Arg Pro Arg Asn Tyr Arg Trp Glu Leu Phe Ala Ala Ser 
15 10 15 

Leu lie Leu Thr Leu Ala Leu He His Leu Val Glu Ala Asn Ser Glu 
20 25 30 

Gly Asp Ala Leu Tyr Ala Leu Arg Arg Ser Leu Thr Asp Pro Asp His 
35 40 45 

Val Leu Gin Ser Trp Asp Pro Thr Leu Val Asn Pro Cys Thr Trp Phe 
50 55 60 

His Val Thr Cys Asn Gin Asp Asn Arg Val Thr Arg Val Asp Leu Gly 
65 70 75 80 

Asn Ser Asn Leu Ser Gly His Leu Ala Pro Glu Leu Gly Lys Leu Glu 
85 90 95 

His Leu Gin T^r Leu Glu Leu Tyr Lys Asn Asn He Gin Gly Ttir He 
100 105 110 

Pro Ser Glu Leu Gly Asn Leu Lys Asn Leu He Ser Leu Asp Leu Tyr 
nS 120 125 
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Asn Asn Asn Leu Thr Gly He Val Pro Thr Ser Leu Gly Lys Leu Lys 
130 135 140 

Ser Leu Val Phe Leu Arg Leu Asn Asp Asn Arg Leu Thr Gly Pro He 
145 150 155 160 

Pro Arg Ala Leu Tlir Ala He Pro Ser Leu Lys Val Val Asp Val Ser 
165 170 175 

Ser Asn Asp Leu Cys Gly Htxr He Pro Thr Asn Gly Pr^ Phe Ala His 
180 185 190 

He Pro Leu Gin Asn Phe Glu Asn Asn Pro Arg Leu Glu Gly Pro Glu 
195 200 205 

Leu Leu Gly Leu Ala Ser Tyr Asp Thr Asn Cys Thr 
210 215 220 

(2) INPORMATICN FOR SBQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEIX?m: 894 base pairs 

(B) TVPE: nucleic acid 

(C) STOANDErKKSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cCNA to xrKNA 
(iii) HYPOIHETICAL: NO 



(ix) FEAIURE: 

(A) NAME/KEY: CDS 

(B) LOCAnCN: 1..675 

(xi) -SEQUENCE DESCRIPTICN: SBQ ID NO: 28: 



wo 97/43427 



-83- 



PCT/EP97/02443 



QGACCGAITCAAGOCTCrGAAQGGGACGCTCTrCACGro 
'Gly Pro lie Gin Ala Ser Glu Gly Asp Ala Leu His Ala Leu Arg Arg 
15 10 15 



48 



AQC OTA TCA GAT CCA GAC AAT GTT GTT CAG AGT TOG GAT CCA ACT CIT 96 
Ser Leu Ser Asp Pro Asp Asn Val Val Gin Ser Trp Asp Pro Thr Leu 
20 25 30 

GTT AAT CCT TGT ACT TOG TIT CAT GTC ACT T3T AAT CAA CAC CAT CAA 144 
Val Asn Pro Cys Thr Trp Phe His Val Thr Cys Asn Gin His His Gin 
35 40 45 

GTC ACT CGT CIG GAT TIG OGG AAT TCA AAC TTA OCT GGA CAT CTA CTA 192 
Val Thr Arg Leu Asp Leu Gly Asn Ser Asn Leu Ser Gly His Leu Val 
50 55 60 



CCr GAA err QGG AAG CIT GAA cat TTA CAA tat CTG tat GGA ATC ATC 240 
Pro Glu Leu Gly Lys Leu Glu His Leu Gin Tyr Leu Tyr Gly He He 
65 70 75 80 



ACT CIT TIG CCT TTT GAT TAT CTG AAA ACA TIT ACA TTA TCA GVC ACA 
Ihr Leu Leu Pro Phe Asp Tyr Leu Lys Thr Phe Thr Leu Ser Val Thr 
85 90 95 



288 



CAT ATA ACA TIT TGC TIT GAG TCA TAT ACT GAA CTC TAC AAA AAC GAG 
His He Thr Phe Cys Kie Glu Ser Tyr Ser Glu Leu Tyr Lys Asn Glu 
100 105 110 



336 



ATT CAA GGA ACT ATA CCTTCTGAGCTTGGAAATCTGAAGACTCTA ATC 
He Gin Gly Thr He Pro Ser Glu Leu Gly Asn Leu Lys Ser Leu He 
115 120 125 



384 



ACT TIG GAT CIG TAC AAC AAC AAT CTC AOC GGG AAA ATC CCA TCT TCT 432 
Ser Leu Asp Leu Tyr Asn Asn Asn Leu Ihr Gly Lys He Pro Ser Ser 
130 135 140 
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TIG GGA AAA TIG AAG TCA CTT GTIT TIT TIG COG CTT AAC GAA AAC OGA 
Leu Gly Lys Leu Lys Ser Leu Val E^e Leu Arg Leu Asn Glu Asn Arg 
145 150 155 160 



480 



TIG ACC GGT.CCT ATT COT AGA GAA CTC ACA OTT ATT TCA AGC CTT AAA 
Leu Ohr Gly Pro He Pro Arg Glu Leu Thr Val He Ser Ser Leu Lys 
165 170 175 



528 



GTIT GTT GAT GTC TCA GOG AAT GAT TIG TGT GGA ACA ATT CCA GTA GAA 
Val Val Asp Val Ser Gly Asn Asp Leu Cys Gly Hhx life Pro Val Glu 
180 185 190 



576 



GGA COT TIT GAA CAC ATT CCT ATG CAA AAC TTT GAG AAC AAC CIG AGA 
Gly Pro Phe Glu His He Pro Met Gin Asn Phe Glu Asn Asn Leu Arg 
195 200 205 



624 



TTG GAG GGA CCA GAA OTA CTA QGT CTT GOG AGC TAT GAC ACC AAT TQC 
Leu Glu Gly Pro Glu Leu Leu Gly Leu Ala Ser Tyr Asp Thr Asn Cys 
210 215 220 

ACT TAAAAAGAAG TIGAAGAACC TATAAAGAAG AATGTIAGCT GACCTIGTAA 
Thr 
225 

GAACTCIGTA CCAAGTGTIT GTAAATCTAT ATAGAGCCIT GnTCATGriT ATATATGAAA 785 
GCnTGAGAG ACAGTAACIT GCAATGTATr GGTATTOGTA GAAAAAGTIG AAATGAGAAT 845 
TGdnGTAA TTGGAnTGT GPITICTTATG TAACTIGAAT TrcmTTA 894 



672 



725 



(2) INPORMAnCN PC3R SBQ ID NO: 29: 



(i) SE3QUENCE CHARACTERISnCS : 

(A) LENGTIH: 225 amino acids 

(B) T{PE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: protein 

(xi) SBQUEIJCE DESCRIPTICN: SBQ ID NO: 29: 

Gly Pro lie Gin Ala Ser Glu Gly Asp Ala Leu His Ala Leu Arg Arg 
15 10 15 

Ser Leu Ser Asp Pro Asp Asn Val Val Gin Ser Trp Asp Pro Tbr Leu 
20 25 30 

Val Asn Pro Cys Thr Trp Phe His Val Thr Cys Asn Gin His His Gin 
35 40 45 

Val Thr Arg Leu Asp Leu Gly Asn Ser Asn Leu Ser Gly His Leu Val 
50 55 60 

Pro Glu Leu Gly Lys Leu Glu His Leu Gin Tyr Leu Tyr Gly He He 
65 70 75 80 

Thr Leu Leu Pro Phe Asp Tyr Leu Lys Ihr Phs Thr Leu Ser Val Thr 
85 90 95 

His He Thr Phe Cys Phe Glu Ser Tyr Ser Glu I^eu Tyr Lys Asn Glu 
100 105 110 

He Gin Gly Thr He Pro Ser Glu Leu Gly Asn Leu Lys Ser Leu He 
115 120 125 

Ser Leu Asp Leu Tyr Asn Asn Asn Leu Thr Gly Lys He Pro Ser Ser 
130 135 140 

Leu Gly Lys Leu Lys Ser Leu Val PtiB Leu Arg Leu Asn Glu Asn Arg 
145 150 155 160 

Leu Thr Gly Pro He Pro Arg Glu Leu Thr Val He Ser Ser Leu Lys 
165 170 175 
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Val Val Asp Val Ser Gly Asn Asp Leu Cys Gly Thr He Pro Val Glu 
180 185 190 

Gly Pro Phe Glu His He Pro Met Gin Asn Phe Glu Asn Asn Leu Arg 
195 200 205 

Leu Glu Gly Pro Glu Leu Leu Gly Leu Ala Ser Tyr Asp Thr Asn Cys 
210 215 220 

Ohr 
225 

(2) INPORMATICN FOR SEQ ID ND: 30: 

(i) SBQUEDCE CHARACTE3irSTICS : 

(A) LENGIH: 1063 base pairs 

(B) TYPE: nucleic acid 

(C) STTRANDEXNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cENA to rnRNA 
(iii) HYPOTHErriCAL: NO 



(ix) FEAIIURE: 

(A) NAME/KEY: CDS 

(B) LOCAnCN: 106.. 759 



(xL) SBCCJENCE EESCRIPTION: SBQ ID NO: 30: 

TOGACCCACG CGnCOGAOGA AACCCTAAIT TrGCTTOCrC ATCTICTTCA GAAAATIACr 60 

CAAATTOCTA TIAGATTACT GTCICTIOaA CCTOOGAXAG CICAC ATG GOG TCT 114 

Ifet Ala Ser 
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1 

•OGA AAC TAT CX3G TOG GAG CTC TIC OCA OCT TOG TTA ATC CTA ACC TTA 162 
Arg Asn lyr Arg Trp Glu Leu Phe Ala Ala Ser Leu He Leu Thr 
5 10 15 

GCr TIG ATT CAC CTG GIC GAA GCA AAC TCC GAA QGA GAT GCT CTT TAC 210 
Ala Leu He His Leu Val Glu Ala Asn Ser Glu Gly Asp Ala Leu Tyr 
20 25 30 35 

\. 

OCT err CGC OGG AGT TTA ACA GAT CCG GAC cat git CTC CAG AGC TOG 258 
Ala Leu Arg Arg Ser Leu Thr Asp Pro Asp His Val Leu Gin Ser Trp 
40 45 50 



GAT CCA ACT CTT GIT AAT CCT TGT ACC TOG TTC CAT GIC AOC TGT AAC 306 
Asp Pro Thr Leu Val Asn Pro Cys Thr Trp Phe His Val Thr Cys Asn 
55 60 65 



CAA GAC AAC CGC GTC ACT CGT GTG GAT TIG GOG AAT TCA AAC CTC TOT 354 
Gin Asp Asn Arg Val Ihr Arg Val Asp Leu Gly Asn Ser Asn Leu Ser 
70 75 80 



GGA CAT CTT GCG CCT GAG CTT GOG AAG CTT GAA CAT TTA CAG TAT CTA 402 
Gly His Leu Ala Pro Glu Leu Gly Lys Leu Glu His Leu Gin Tyr Leu 
85 90 95 

GAG CTC TAC AAA AAC AAC ATC CAA GGA ACT ATA CCT TCC GAA CTT GGA 450 
Glu Leu Tyr Lys Asn Asn He Gin Gly Thr He Pro Ser Glu Leu Gly 
100 105 110 115 

AAT CTG AAG AAT CTC ATC AGC TTG GAT CTG TAC AAC AAC AAT CTT ACA 498 
Asn Leu Lys Asn Leu He Ser Leu Asp Leu Tyr Asn Asn Asn Leu Thr 
120 125 130 



OGG ATA GTT OOC ACT TCT TTG GGA AAA TIG AAG TCT CIG GTC TIT TTA 
Gly He Val Pro Tbr Ser Leu Gly Lys Leu Lys Ser Leu Val Etoe Leu 
135 140 145 



546 
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CGGCTTMTGACAACOGATTCACGGGGCCAArcOT 594 
Arg Leu Asn Asp Asn Arg Leu Ihr Gly Pro lie Pro Arg Ala Leu Ihr 
150 155 160 

GCA ATC CCA AGC CTT AAA GTIT GOT GAT GTC TCA AGO AAT GAT TIG TCT 642 
Ala lie Pro Ser Leu Lys Val Val Asp Val Ser Ser Asn Asp Leu Cys 
165 170 175 

GGA ACA ATC CCA ACA AAC QGA CCT TIT GCT CAC ATT CCT TTA CAG AAC 690 
Gly Thr lie Pro Thr Asn Gly Pro Phe Ala His He Pro Leu Gin Asn 
180 185 190 195 

TTT GAG AAC AAC COG AGG TTG GAG QGA CCG GAA TTA CTC GGT CTT GCA 738 
Phe Glu Asn Asn Pro Arg Leu Glu Gly Pro Glu Leu Leu Gly Leu Ala 
200 205 210 

AGC TAC GAC ACT AAC TGC ACC TGAAAAAATT GQCAAAAOCT GAAAATGAAG 789 
Ser Tyr Asp Thr Asn Cys Thr 
215 

AATTOGGGGG TGACCITGTA AGAACACITC ACCACTTTAT CAAATATCAC ATCTACTATG 849 

TAATAAGTAT ATATATGEAG TOCAAAAAAA AAATGAAGAA TCGAATCAGT AATATCATCT 909 

GGICTCAATT GAGAACTTTG AQGnCICTCT ATGTAAAATT TCTAAATGOG ACITTOGCGr 969 

ACICTAATGT ' lOGCTIUlU; GATTOTGAGA AGTAACATIT GTATIGGTAT OGrTATCAAGTr 1029 

atrriciXicc r tgictgcaaa aaaaaaaaaa aaaa io63 

(2) INPQRMATICN POER SEB ID ND: 31: 



(i) CHAKALTKHISnCS : 

(A) LEICnH: 218 amino acids 

(B) TOPE: amino acid 
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(D) TOPOLCOT: linear 

(ii) M3LBCULE TYPE: protein 

(xi) SBQOBNOE DESCRIPTICN: SBQ ID ND: 31: 

Met Ala Ser Arg Asn Tyr Arg Trp Glu Leu Phe Ala Ala Ser Leu He 
1 5 10 15 

Leu Ita Leu Ala Leu He His Leu Val Glu Ala Asn "Ser Glu Gly Asp 
20 25 30 

Ala Leu Tyr Ala Leu Arg Arg Ser Leu Hir Asp Pro Asp His Val Leu 
35 40 45 

Gin Ser Trp Asp Pro Thr Leu Val Asn Pro Cys Thr Trp Phe His Val 
50 55 60 

Thr Cys Asn Gin Asp Asn Arg Val Thr Arg Val Asp Leu Gly Asn Ser 
65 70 75 80 

Asn Leu Ser Gly His Leu Ala Pro Glu Leu Gly Lys Leu Glu His Leu 
85 90 95 

Gin Tyr Leu Glu Leu Tyr Lys Asn Asn He Gin Gly Thr He Pro Ser 
100 105 110 

Glu Leu Gly Asn Leu Lys Asn Leu He Ser Leu Asp Leu Tyr Asn Asn 
115 120 125 

Asn Leu Thr Gly He Val Pro Tbr Ser Leu Gly Lys Leu Lys Ser Leu 
130 135 140 

Val Phe Leu Arg Leu Asn Asp Asn Arg Leu Thr Gly Pro He Pro Arg 
145 150 155 160 

Ala Leu Thr Ala He Pro Ser Leu Lys Val Val Asp Val Ser Ser Asn 



wo 97/43427 



-90- 



PCT/EP97/02443 



165 170 175 

Asp Leu Cys Gly Thr He Pro Thr Asn Gly Pro Phe Ala His He Pro 
180 185 190 

Leu Gin Asn Phe Glu Asn Asn Pro Arg Leu Glu Gly Pro Glu Leu Leu 
195 200 205 

Gly Leu Ala Ser Tyr Asp Thr Asn Cys Thr 
210 215 

(2) INPORMAnCN FOR SEQ ID NO": 32: 

(i) SEQUQOCE CHARACTEiasnCS: 

(A) LENGTH: 2089 base pairs 

(B) TYPE: nucleic acid 

(C) STRANPgTHESS: double 

(D) TOPOLOGY: linear 

(ii) MDLBCULE TYPE: cEKA to rr«NA 
(iii) HYPOTHETICAL: NO 
(iii) AOTT-SEUSE: ND 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Arabidqpsis thaliana 

(vii) IMMEDIATE SOURCE: 

(B) CLCKE: SEPK gene cEMA 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATICN: 195 ,.2069 



wo 97/43427 



-91 - 



PCT/EP97/02443 



(xi) SSjmSCE DESaaPnON: SEQ ID ND: 32: 

•QGATrrrrAT titaititit ACTcrrrarr TcnrrrAATC crAATGOGrrr TmAAAOGG 60 

TmCGAAAA AATOACTGAG TITGnCTIGA UJl ' iaiLriCT CTAAACTGTT AATOGnOGrTG 120 

ATTTTOOGAA GmGGGrriT ICTCGGAICT GAAGAGATCA AATCAASATT CGAAATmC 180 

CArTGTTCTT TGAA ATG GAG TCG AGT TAT GIG GTG TTT ATC TTA CTT TCA 230 
Met Glu Ser Ser lyr Val Ved Hie^Ile Leu Leu Ser 
1 5 10 

CTG Arc TTA CTT CCG AAT CAT TCA CIG TOG CTT GCT 1CT GCT AAT TIG 278 
Leu lie Leu Leu Pro Asn His Ser Leu Trp Leu Ala Ser Ala Asn Leu 
15 20 25 

GAA GGT GAT GCT TIG CAT ACT TIG AGG GIT ACT CTA GTP GAT CCA AAC 326 
Glu Gly Asp Ala Leu His Thr Leu Arg Val Thr Leu Val Asp Pro Asn 
30 35 40 

AAT GTC TIG CAG AGC TOG GAT CCT AOG CTA GTS AAT CCT TGC ACA TGG 374 
Asn Val Leu Gin Ser Trp Asp Pro Thr Leu Val Asn Pro Cys Thr Trp 
45 50 55 60 

TIC CAT GTC ACT TGC AAC AAC GAG AAC AGT GTC ATA AGA GTT GAT TIG 422 
Phe His Val Thr Cys Asn Asn Glu Asn Ser Val He Arg Val Asp Leu 
65 70 75 

GOG AAT GCA GAG TTA TCT GGC CAT TEA GTT CCA GAG CIT GGT C?IG CTC 470 
Gly Asn Ala Glu Leu Ser Gly His Leu Val Pro Glu Leu Gly Val Leu 
80 85 90 

AAG AAT TIG CAG TAT TIG GAG CTT TAC AGT AAC AAC ATA ACT GGC 003 518 
Lys Asn Leu Gin Tyr Leu Glu Leu Tyr Ser Asn Asn He Thr Gly Pro 
95 100 105 

ATT CCT ACT AAT Clf GGA AAT CIG ACA AAC TEA GTG ACT TTG GAT CTT 566 
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lie Pro Ser Asn Leu Gly Asn Leu Thr Asn Leu Val Ser Leu Asp Leu 
110 115 120 

TAC TTA AAC AGC TIC TCC OCT OCT ATT CCG GAA TCA TIG QGA AAG CTT 614 
Tyr Leu Asn Ser Kxe Ser Gly Pro He Pro Glu Ser Leu Gly Lys Leu 
125 130 135 140 

TCA AAGCTC3ASATITCTC0GGCTTAACAACAACAGTCTC 662 
Ser Lys Leu Arg Phe Leu Arg Leu Asn Asn Asn Ser Leu Ite Gly Ser 
145 150 ^ 155 

ATT CCr ATG TCA CIG ACC AAT ATT ACT ACC CTT CAA CTG TTA GAT CTA 710 
He Pro Met Ser Leu Ihr Asn He Thr Tbr Leu Gin Val Leu Asp Leu 
160 165 170 

TCA AAT AAC AGA CTC TCT OCT TCA OTT CCT GAC AAT GGC TCC TIC TCA 758 
Ser Asn Asn Arg Leu Ser Gly Ser Val Pro Asp Asn Gly Ser Phe Ser 
175 180 185 



CTC TIC ACA CCC ATC AGT TIT OCT AAT AAC TEA GAC CTA T3T GGA CCT 806 
Leu Phe Thr Pro He Ser Phe Ala Asn Asn Leu Asp Leu Cys Gly Pro 
190 195 200 



GTT ACA AGT CAC CCA TGT OCT GGA TCT COC CCG TTT TCT OCT CCA OCA 
Val Thr Ser His Pro Cys Pro Gly Ser Pro Pro Phe Ser Pro Pro Pro 
205 210 215 220 



854 



OCT TTT ATT CAA CCT COC CCA GTT TOO ACC COG ACT GOG TAT GCT ATA 
Pro Phe He Gin Pro Pro Pro Val Ser Thr Pro Ser Gly Tyr Gly He 
225 230 235 



902 



ACT GGA GCA ATA OCT GCT QGA GTT GCT GCA OCT GCT GOT TTG 000 TTT 
Thr Gly Ala He Ala Gly Gly Val Ala Ala Gly Ala Ala Leu Pro Phe 
240 245 250 



950 



GCT OCT OCT GCA ATA QOC TTT GCT TOG TOG OGA Oa AGA AGO CCPl CTA 
Ala Ala Pro Ala He Ala Phe Ala Ttp Tip Arg Arg Arg Ser Pro Leu 



998 
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255 



260 



265 



GAT ATT TIC TTC GAT GTC COT GCC GAA GAA GAT OCA GAA GIT CAT CTG 
Asp lie Phe Phe Asp Val Pro Ala Glu Glu Asp Pro Glu Val His Leu 
270 275 280 



1046 



GGA CAG CTC AAG AQG TTT TCT TIG OQG GAG CTA CAA GTG GOG ACT GAT 
Gly Gin Leu Lys Arg Phe Ser Leu Arg Glu Leu Gin Val Ala Ser Asp 
285 290 295 300 



1094 



GOG TIT AGT AAC AAG AAC ATT TTG GGC AGA GGT QGG TIT GOG AAA GTC 
Gly Phe Ser Asn Lys Asn lie Leu Gly Arg Gly Gly Phe Gly Lys Val 
305 310 315 



1142 



TAC AAG GGA OGC TIG GCA GAC GGA ACT CIT GTT GCT GTC AAG AGA CIG 
Tyr Lys Gly Arg Leu Ala Asp Gly Thr Leu Val Ala Val Lys Arg Leu 
320 325 330 



1190 



AAG GAA GAG OGA ACT CCA GGT GGA GAG CTC CAG TTT CAA ACA GAA GIA 
Lys Glu Glu Arg Ttor Pro Gly Gly Glu Leu Gin Phe Gin Thr Glu Veil 
335 340 345 



1238 



GAG ATG ATA AGT ATG GCA GTT CAT CGA AAC CIG TIG AGA TEA OGA GGT 
Glu Met lie Ser Met Ala Val His Arg Asn Leu Leu Arg Leu Arg Gly 
350 355 360 



1286 



TTC TGT AIG ACA COG ADC GAG AGA TIG CTT GIG TAT OCT TAC ATG QOC 
Phe Cys Met Thr Pro Ihr Glu Arg Leu Leu Val Tyr Pro Tyr Met Ala 
365 370 375 380 



1334 



AAT GGA ACT GIT GCT TOG TCT CTC AGA GAG AGG OCA COG TCA CAA COT 
Asn Gly Ser Val Ala Ser Cys Leu Arg Glu Arg Pro Pro Ser Gin Pro 
385 390 395 



1382 



OOG CTT GAT TGG OCA AOG OGG AAG AGA ATC GOG CXA GGC TCA GCT OGA 
Pro Leu Asp Trp Pro Ihr Arg Lys Arg lie Ala Leu Gly Ser Ala Arg 
'400 405 410 



1430 
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GGT TT3 TCr TAC CTA CAT GAT CAC TCSC GAT CCG AAG ATC ATT CAC OGT 1478 
Gly Leu Ser Tyr Leu His Asp His Cys Asp Pro Lys lie He His Arg 
415 420 425 



GAC GEA AAA GCA GCA AAC ATC CTC TEA GAC GAA GAA TIC GAA GOG GTT 1526 
Asp Val Lys Ala Ala Asn He Leu Leu Asp Glu Glu Phe Glu Ala Val 
430 435 440 

GTIT GGA GAT TIC GGG TTG GCA AAG CTT ATG GAC TAT AAA^GAC ACT CAC 1574 
Val Gly Asp Phe Gly Leu Ala Lys Leu Met Asp Tyr Lys Asp Thr His 
445 450 455 460 



GIG ACA ACA GCAGnCCGTOGCACCATCGGTCACATCGCTCCAGAATAT 1622 
Val Thr Thr Ala Val Arg Gly llir He Gly His He Ala Pro Glu Tyr 
465 470 475 



dC TCA ACC GGA AAA TCT TCA GAG AAA ACC GAC GIT TIC GGA TAC GGA 
Leu Ser Thr Gly Lys Ser Ser Glu Lys Thr Asp Val Phe Gly Tyr Gly 
480 485 490 



1670 



ATC ATG CTT CIA GAA CPA ATC ACA GGA CAA AGA GCT TIC GAT CIC GCT 
He Met Leu Leu Glu Leu He Thr Gly Gin Arg Ala Phe Asp Leu Ala 
495 500 505 



1718 



COG CEA GCT AAC GAC GAC GAC GTC ATS TEA CET GAC TOG GIG AAA GGA 1766 
Arg Leu Ala Asn Asp Asp Asp Val Met Leu Leu Asp Trp Val Lys Gly 
510 515 520 

TTG TES AAG GAG AAG AAG CEA GAG ATS TEA GES GAT CCA GAT CFE CAA 1814 
Leu Leu Lys Glu Lys Lys Leu Glu Met Leu Val Asp Pro Asp Leu Gin 
525 530 535 540 



ACA AAC TAC GAG GAG AGA GAA CTG GAA CAA GES ATA CAA GES GOG TTG 1862 
Tbr Asn TVr Glu Glu Arg Glu Leu Glu Gin Val He Gin Val Ala Leu 
545 550 .555 
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CTk TQC ACG CAA GGA TCA CCA ATG GAA AGA CCA AAG ATG TCT GAA GIT 1910 
Leu Cys Thr Gin Gly Ser Pro Met Glu Arg Pro Lys Met Ser Glu Val 
560 565 570 

GTIA AQG ATG CIG GAA GGA GAT GOG CIT GOG GAG AAA TOG GAC GAA TOG 1958 
Val Arg Met Leu Glu Gly Asp Gly Leu Ala Glu Lys Trp Asp Glu Trp 
575 580 585 

CAA AAA GTT GAG ATT TIG AGG GAA GAG ATT GAT TIG ACT CCT AAT CCT 2006 
Gin Lys Val Glu He Leu Arg Glu Glu He Asp Leu Ser Pro Asn Pro 
590 595 600 

AAC TCT GAT TGG ATT CIT GAT TCT ACT TAC AAT TIG CAC GCC GTT GAG 2054 
Asn Ser Asp Trp He Leu Asp Ser Thr Tyr Asn Leu His Ala Val Glu 
605 610 615 620 

TTA TCT OCT CCA AGG TAAAAAAAAA AAAAAAAAAA 2089 
Leu Ser Gly Pro Arg 
625 



(2) INP0RMATIC2N FOR SEQ ID NO: 33: 

(i) SEQUn^ CHARACTEiasnCS: 

(A) tSmrH: 625 amino acids 

(B) TffiE: aitdno acid 
(D) TOPQLOGVT: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUEMCE DESOUPi'lCN: SEQ ID NO: 33: 

Met Glu Ser Ser Tyr Val Val Phe He Leu Leu Ser Leu He Leu Leu 
15 10 15 

Pro Asn His Ser Leu Trp Leu Ala Ser Ala Asn Leu Glu Gly Asp Ala 
20 25 30 
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Leu His Thr Leu Arg Val Thr Leu Val Asp Pro Asn Asn Val Leu Gin 
35 40 45 

Ser Ttp Asp Pro Thr Leu Val Asn Pro Cys Olir Trp Phe His Val Ohr 
50 55 60 

Cys Asn Asn Glu Asn Ser Val lie Arg Val Asp Leu Gly Asn Ala Glu 
65 70 75 80 

Leu Ser Gly His Leu Val Pro Glu Leu Gly Val Leu Lys Asn Leu Gin 
85 90 95 

Tyr Leu Glu Leu Tyr Ser Asn Asn lie Thr Gly Pro lie Pro Ser Asn 
100 105 110 

Leu Gly Asn Leu Ihr Asn Leu Val Ser Leu Asp Leu Tyr Leu Asn Ser 
115 120 125 

Phe Ser Gly Pro lie Pro Glu Ser Leu Gly Lys Leu Ser Lys Leu Arg 
130 135 140 

Phe Leu Arg Leu Asn Asn Asn Ser Leu Thr Gly Ser lie Pro Met Ser 
145 150 155 160 

Leu Thr Asn lie Thr Ihr Leu Gin Val Leu Asp Leu Ser Asn Asn Arg 
165 170 175 

Leu Ser Gly Ser Val Pro Asp Asn Gly Ser Phe Ser Leu I*ie Thr Pro 
180 185 190 



He Ser Kie Ala Asn Asn Leu Asp Leu Cys Gly Pro Val Thr Ser His 
195 200 205 



Pro Cys Pro Gly Ser Pro Pro Phe Ser Pro Pro Pro Pro Phe He Gin 
210 215. 220 
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Pro Pro Pro Val Ser Thr Pro Ser Gly lyr Gly He Thr Gly Ala He 
225 230 235 240 

Ala Gly Gly Val Ala Ala Gly Ala Ala Leu Pro Phe Ala Ala Pro Ala 
245 250 255 

He Ala Phe Ala Trp Trp Arg Arg Arg Ser Pro Leu Asp He Phe Phe 
260 265 270 

Asp Val Pro Ala Glu Glu Asp Pro Glu Val His Leu Gly Gin Leu Lys 
275 280 285 

Arg Phe Ser Leu Arg Glu Leu Gin Val Ala Ser Asp Gly Phe Ser Asn 
290 295 300 

Lys Asn He Leu Gly Arg Gly Gly Phe Gly Lys Val Tyr Lys Gly Arg 
305 310 315 320 

Leu Ala Asp Gly Thr Leu Val Ala Val Lys Arg Leu Lys Glu Glu Arg 
325 330 335 

Thr Pro Gly Gly Glu Leu Gin Phe Gin Thr Glu Val Glu Met He Ser 
340 345 350 

Met Ala Val His Arg Asn Leu Leu Arg Leu Arg Gly Phe Cys Met Thr 
355 360 365 

Pro Thr Glu Arg Leu Leu Val Tyr Pro Tyr Met Ala Asn Gly Ser Val 
370 375 380 

Ala Ser cys Leu Arg Glu Arg Pro Pro Ser Gin Pro Pro Leu Asp Trp 
385 390 395 400 

Pro Thr Arg Lys Arg He Ala Leu Gly Ser Ala Arg Gly Leu Ser Tyr 
405 410 415 



Leu His Asp His Cys Asp Pro Lys He He His Arg Asp Val Lys Ala 
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420 425 430 

Ala Asn lie Leu Leu Asp Glu Glu Phe Glu Ala Val Val Gly Asp Rie 
435 440 445 

Gly Leu Ala Lys Leu Met Asp Tyr Lys Asp Hhr His Val Thr Tbr Ala 
450 455 460 

Val Arg Gly Thr lie Gly His lie Ala Pro Glu lyr Leu Ser Ite Gly 
465 470 475 ^ 480 

Lys Ser Ser Glu Lys Thr Asp Val Phe Gly Tyr Gly lie Met Leu Leu 
485 490 495 

Glu Leu lie Thr Gly GLi Arg Ala Phe Asp Leu Ala Arg Leu Ala Asn 
500 505 510 

Asp Asp Asp Val Met Leu Leu Asp Trp Val Lys Gly Leu Leu Lys Glu 
515 520 525 

Lys Lys Leu Glu Met Leu Val Asp Pro Asp Leu Gin Thr Asn Tyr Glu 
530 535 540 



Glu Arg Glu Leu Glu Gin Val lie Gin Val Ala Leu Leu Cys Thr Gin 
545 550 555 560 

Gly Ser Pro Met Glu Arg Pro Lys Met Ser Glu Val Val Arg Met Leu 
565 570 575 

Glu Gly Asp Gly Leu Ala Glu Lys Trp Asp Glu Trp Gin Lys Val Glu 
580 585 590 

He Leu Arg Glu Glu He Asp Leu Ser Pro Asn Pro Asn Ser Asp Trp 
595 600 605 



lie Leu Asp Ser Thr_Tyr_Asn Leu His Ala Val Glu Leu Ser Gly Pro 
610 615 620 
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What IS Claim d is: 

1 . A method of producing apomictic seeds comprising the steps of: 

(!) transfonming plant material with a nucleotide sequence encoding a protein the 
presence of which in an active fonn in a cell, or membrane thereof, renders said cell 
embryogenic, 

(ii) regenerating the thus transformed material into plants, or carpel-containing parts 
thereof, and ^ 

(iii) expressing tiie sequence in the vicinity of the embryo sac. 

2. A method according to the preceding daim, wherein the apomictic seeds are of the 
adventitious embryony type. 

3. A method according to either of the preceding claims, wherein expression of the 
sequence yields a protein kinase capable of spanning a plant cell membrane. 

4. A method according to the preceding claim wherein the kinase is capable of 
autophosphorylation. 

5. A method according to any of the preceding claims, wherein the protein is a leucine rich 
repeat receptor like kinase and comprises a ligand binding domain, a proline box, a 
transmembrane domain, a kinase domain and a protein binding domain. 

6. A method according to the preceding daim, wherein the protein lacks a functional ligand 
binding domain but comprises a proline box, a transmembrane domain, a kinase domain 
arrd a protiein binding domain. 

7. A method according to any preceding daim, wherein once incorporated into the cell 
membrane, the protein binding domain is located rntra-cellularty. 

8. A method according to any preceding daim, wherein the sequence further encodes a 
cell membrane targ ting sequence. 



wo 97/43427 



-104- 



PCT/EP97/02443 



9. A method according to any preceding daim, wherein the sequence Is that depicted in 
SEQ ID Nos, 1 or 2 or is comptementary to one which hybridizes under stringent 
conditions with the said sequences and wtiich encodes a membrane bound protein 
having kinase activity. 

10. A method according to any preceding daim, wherein the sequence is modified in that 
known mRNA instability motifs or potyadenylation signals are removed and/or codons 
which are preferred by the plant Into which the sequence Is to be inserted are used so 
that expression of the thus modified sequence in the said plant yields substantially 
similar protein to that obtained by expression of the unmodified sequence In the 
organism in which the protein is endogenous. 

11. A method according to any preceding claim, wherein expression of the sequence is 
under control of an inducible or developmentally regulated promoter. 

12. A method according to the preceding daim, wherein expression of the sequence is 
under control of one of the following: a promoter which regulates expression of SERK 
genes in planta, the carrot chitinase DcEP3-1 gene promoter, the Arabidopsis AtChlttV 
gene promoter, the Arabidopsis LTP-1 gene promoter, the Arabidopsis beH gene 
promoter, the petunia fbp-7 gene promoter, the Arabidopsis ANT gene promoter, the 
promoter of the 0126 gene from Phalaenopsis. 

13. A method according to any of the preceding daims. wherein the sequence is expressed 
in the somatic cells of the embryo sac, ovary wall, nucellus. or mteguments. 

14. A method according to any of the preceding daims, wherein the endosperm within the 
apomictic seed results from fusion of polar nudel within the embryo sac with a poBen- 
derived male gamete nudeus. 

15. A method according to the preceding daim, wherein the sequence encoding the protein 
is expressed prior to fusion of the polar nudei with the male gamete nudeus. 
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16. DNA comprising a sequence encoding a protein the presence of which in an active form 
in a cell, or membrane thereof, renders said cell embryogenic. 

17. DNA according to daim 16, wherein the protein is a leucine rich repeat receptor like 
kinase and comprises a ligand binding dornain, a proline box, a transmembrane domain, 
a kinase domain and a protein binding domain, the ligand binding domain optionally 
being absent or functionally inactive. 

18. DNA according to either of claims 16 or 17 comprising a DNA sequence encoding a N- 
tenninal protein fragment having the following amino acid sequence: Gh SerTip Asp Pro 
Ihr Leu Val Asn Pro CysThrTrp Phe He ValThr Cys Asa 

19. DNA according to claim 18 comprising a DNA sequence encoding a N-tenminal protein 
fragment having the following amino add sequence: ValXaaGhSerTrpAspProThrLeu Val 
Asn Pro CysThrTip Phe Hb Val ThrCys Asn 

with Xaa being a variable amino acid, but preferably LeuaN^ 

20. DNA according to daim 19 comprising a DNA sequence encoding a N-terminal protein 
fragment having the following amino add sequence: Val Xaa GhSerTipAspProThrLeu Val 
Asn Pro Cys Thr Tip Phe His Val Thr Cys Asn Xab X a c Xad Xae Val Xsrf A^ 

Xag Xah Leu SerGV Hfe Leu Xai Pro Gu Leu G/Xev Leu X^ 

with Xaa to Xak being a variable amino acid, but preferably 

Xaa = Leu a Val 

Xab-AsnorGh 

Xac = OuorAspaHs 

Xad=Asncrhk 

Xae^SeraAigorGh 

Xaf=leaTtir 

Xag^AlaorSer 

XahsGluorAsn 

Xai=VaiaAla 

Xa|=ValaLys 

Xak=LysaGlu 
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XalsAsnorHb 

21 . DNA comprising a sequence encoding a protein having the sequence depicted in SEQ 
ID No. 3, or a protein substantially similar thereto which is capable of being membrane 
bound and >^ich has kinase activity. 

22. DNA comprising a sequence encoding a protein having the sequence depicted in SEQ 
ID No. 21 , or a protein substantially similar thereto which is capable of being membrane 
bound and which has kinase activity. ^ 

23. DNA comprising a sequence encoding a protein having the sequence depicted in SEQ 
ID No. 33, or a protein substantially similar thereto which is capable of being membrane 
bound and which has kinase activity. 

24. DNA comprising a sequence encoding a protein having the sequence depicted in SEQ 
ID Nos. 23, 25, 27, 29 and 31 , or a protein substantially similar thereto which is capable 
of being membrane bound and which has kinase activity. 

25. DNA according to any preceding daim, comprising a DNA having the sequence depicted 
in SEQ ID Nos. 1 or 2 or a sequence which is complementary to one which hybridizes 
under stringent conditions with the said sequences and whk:h encodes a membrane 
bound protein having kinase activity. 

26. DNA according to any preceding daim, comprising a DNA having the sequence depicted 
in SEQ ID No: 20 or a sequence which is complementary to one which hybridizes under 
stringent conditions with the said sequences and which encodes a membrane bound 
protein havnig kinase activity. 

27. DNA according to any preceding claim, comprising a DNA having the sequence depicted 
in SEQ ID No: 32 or a sequence whidi is complementary to one which hybridizes under 
stringent conditions with the sakJ sequences and which encodes a membrane bound 
protein having kinase activity. 
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28. DNA according to any preceding daim. comprising a DMA having the sequence depicted 
in SEQ ID Nos: 22, 24. 26. 28 and 30 or a sequence which is complementary to one 
which hybridizes under stringent conditions with the said sequences and which encodes 
a membrane bound protein having kinase activity. 

29. DNA according to any of the preceding claims, which further encodes a cell membrane 
targeting sequence. 

30. DNA according to any one of the preceding claims.-^in which the protein encoding region 
is under expression control of a developmentally regulated or inducible promoter. 

31. DNA according to claim 30. wherein the promoter is one of the following: a promoter 
which regulates expression of SERK genes in planta. the carrot chitinase DcEP3-1 gene 
promoter, the Arabidopsis AtChitIV gene promoter, the Arabidopsis LTP-1 gene 
promoter, the Arabidopsis bel-1 gene promoter, the petunia fbp-7 gene promoter, the 
Arabidopsis ANT gene promoter, the promoter of the 0126 gene from Phalaenopsis; the 
Arabidopsis DMC1 promoter, the pTA7001 inducible promoter. 

32. DNA according to any preceding daim, wherein said DNA is a recombinant DNA. 

33. DNA according to any preceding daim, wherein the sequence is modified in that known 
mRfMA instability motifs or polyadenylation signals are removed and/or codons which are 
prefen^d by the plant into which the DNA is to be inserted are used so that expression 
of the thus modified DNA in the said plant yields substantially similar protein to that 
obtained by expression of the unmodified DNA in the organism in which the protein is 
endogenous. 

34. DNA whteh is complementary to that which hybridizes under stringent conditions with the 
DNA of any one of claims 16 to 29. 

35. A vector containing a DNA sequence as claimed in any one of daims 1 6 to 34. 

36. Plant cell transformed with the-DNA of any one of claims 16 to 34 or the vector of daim 
35, which contains the DNA stably incorporated into its genome. 
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37. Plant cell according to daim 36, which is part of a whole plant. 

38. Plants transformed with the DMA of any one of claims 1 6 to 34 or the vector of daim 35. 
the progeny of such plants which contain the DMA stably incorporated, and/or the 
apomictic seeds of such plants or such progeny. 

39. Plants transformed with the DN A comprised by the recombinant DNA of claims 1 6 to 34. 

40. Use of the DNA of any one of claims 1 6-34 in the manufacture of apomictic seeds, 

41 . Plants which are derived from apomictic seeds obtainable by the method of any one of 
daims 1-15 or 40. 

42. A method of obtaining cuitivars comprising the steps of fertilizing plants with the pollen of 
the plants of either of daims 38, 39 or 40 and cuitrvars which result from the said 
method. 



43. A method of obtaining embryogenic cells in plant material, comprising transforming the 
material with a recombinant DNA sequence as daimed in any one of daims 16-34, the 
DNA comprised by the recombinant Dt^ of any one of claims 16 to 34. or the vector of 
claim 35, expressing the sequence in the material or derivatives thereof and subjecting 
the said material or derivatives to a compound which acts as a ligand for the gene 
product of the said sequence. 

44. A method according to the preceding daim, wherein the sequence encodes a leudne 
rich repeat receptor like kinase, and the compound is a phyto-homione. 

45. A method of generating somatic embryos under in vitro conditions wherein the SERK 
protein is overexpressed ectopicalty. 



46. 



A bag containing apomictic seeds obtainable by the method of any on 
40. 



of daims 1-15 or 
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